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INTRODUCTION 
Cucurbit crops in Massachusetts had been reported to 
show virus symptoms as early as 1909. In recent years, the 
incidence and severity of these symptoms appeared to have 
increased, and it became obvious that virus diseases cause 
losses in fruit yields and have become a very important 
factor in the profitable growing of cucurbit crops. 
The exact kinds and incidence of the viruses affecting 
cucurbit crops in Massachusetts has been generally unknown. 
Also, there was no information on the distribution of these 
viruses in the different cucurbit species and varieties, 
their distribution throughout the state, the time and 
sequence of their appearance in the fields within a season, 
their means of overwintering and spread in Massachusetts, 
etc. Furthermore, although many varieties are planted 
because of their resistance to viruses affecting cucurbits 
in other areas, there was no information on the resistance 
or susceptibility of the cucurbit varieties grown in Massa¬ 
chusetts to the strains of the cucurbit viruses present in 
Massachusetts and under the environmental and production 
conditions prevailing in Massachusetts. 
Since viruses affecting cucurbits often occur in the 
same field, and sometimes even on the same plant, the 
possibility existed that the viruses might interact with 
each other while in the same plant, thus resulting in a 
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synergistic effect between two cucurbit viruses which could 
increase the severity of infection. 
This research was undertaken with the objective of 
obtaining as much information as possible on each of the 
points mentioned above and particularly on the identity and 
some of the biological properties of the viruses affecting 
cucurbits in Massachusetts, their epidemiology, incidence, 
distribution, and severity in Massachusetts. Different 
varieties of cucurbits were tested for resistance or 
susceptibility to an isolate of what v/as thought to' be the 
most widespread virus in cucurbits, cucumber mosaic virus 
(CMV). The effect of single or mixed infections on cucum¬ 
ber and squash by CMV and/or watermelon mosaic virus 2 
(WMV 2) was studied in greenhouse and field experiments. 
Although many questions regarding the viruses affect¬ 
ing cucurbit crops, the properties of all such viruses, and 
their effects on the cucurbit crops remain unanswered, it 
is hoped that the thesis at hand contributes substantially 
towards a better understanding of the complex problem of 
the nature of the viruses involved, the ways in which they 
affect cucurbit crops and possibly, towards an appreciation 
of the difficulties, as well as of the potential for 
developing more efficient methods to avoid or minimize the 
losses caused by the virus diseases of cucurbits. 
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LITERATURE REVIEW 
Mosaic and mosaic-like symptoms on cucurbits are caused 
by several viruses. The most commonly found and most 
important cucurbit viruses in the United States are watermelon 
mosaic viruses 1 and 2 (WMV 1 and WMV 2), cucumber mosaic 
virus (CMV), squash mosaic virus (SqMV) and tobacco ringspot 
virus (TRSV) (Salama and Sill, 1968). 
Some less common and less important viruses also affect 
cucurbits in the United States. Recently, bean yellow mosaic 
virus severe strain (BYMV-s) has been isolated from yellow 
summer squash (Prowidenti and Uyemoto, 1973). Tomato ring- 
spot virus was found on cucurbits by Prowidenti and 
Schroeder (1970), while strains of tobacco mosaic virus (IMV) 
were found on melons and squash by several workers (Webb and 
Foster, 1966; Salama and Sill, 1968). 
Wild cucumber mosaic virus (WCMV) is found occasionally 
in the West (Freitag, 1952; Milne et al., 1969; Allen and 
Femald, 1971)» on Marah macrocorpus (Greene) and M. oreganus. 
Curly top virus (CTV), which is widespread on many crops, has 
also been isolated from cantaloupe, on which it can cause 
serious losses (Milne et al. , 1969). 
A virus affecting several muskmelon varieties was 
reported by Freitag (1952). It was later found again in 
California and was called muskmelon vein necrosis virus 
(MVNV) (Milne et al., 1969). The virus appears to be 
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restricted in nature to Cucumis spp., but infects a number of 
legumes experimentally. It causes very distinct veinal 
necrosis produced in all but the terminal leaves of infected 
plants. 
There are a few other viruses that are important on 
cucurbits in other parts of the world even though they are 
not found in the United States. Cucumber necrosis virus (CNV) 
is found naturally only in greenhouse cucumbers in Canada and 
Europe (McKeen, 1959). Cucumber viruses 3 and 4 have been 
found on cucumber and are serologically related to TMV 
(Ainsworth, 1935). 
WMV 1 and WMV 2 have caused important diseases of 
cucurbits in the last twenty years or so. They are worldwide 
in distribution, A mosaic on watermelon was reported in the 
United States as early as 1933 (Walker, 1933). First a 
preliminary and then a detailed description of watermelon 
mosaic viruses in Florida was made by Anderson (1952, 1954). 
Since then, in most locations, WMV 1 and WMV 2 have become 
the most predominant and destructive of the cucurbit viruses. 
These viruses have become important in the melon and squash 
fields of the West, Southwest and the South, In recent 
years WMV 1 and WMV 2 have been reported in New York and New 
Jersey (Provvidenti and Schroeder, 1970; Webb, 1971). 
WMV consists of two strains, one of which, (WMV 1), is 
limited in host range to cucurbits while the other, (WMV 2), 
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has a wide host range (Webb and Scott, 1965; Milne and 
, » 
Grogan, 1969). WMV 1 and WMV 2 are described as flexuous 
filamentous particles 750 nm long (van Regenmortel, i960), 
WMV 1 infects naturally and experimentally only species in 
the Cucurbitaceae (Webb and Scott, 1965). WMV 2 naturally 
infects species in the Cucurbitaceae and some species in 
the Leguminosae, but experimentally it can infect plants 
in seventeen families (Molnar and Schmelzer, 1964), Isolates 
of ’//MV 2 differ in the range of non-cucurbitaceous plants 
they infect (Grogan et al. , 1959). WMV 1 and WMV 2 .are sap 
transmissible and are transmitted in the non-persistent 
manner by the aphids Myzus persicae, Aphis gossypii, Aphis 
fabae, and several others (Anderson, 1954; Molnar and 
Schmelzer, 1964; Coudriet, 1962). 
There have been no conclusive results on the transmission 
of WMV 1 and WMV 2 through seed. Although Lindberg ejt al, , 
(1956) reported that one of their isolates of WMV was seed- 
borne, Grogan et al., (1959) found no seed transmission in 
Cucurbita maxima, C. pepo, Cucumis melo or Citrullus lanatus. 
Most isolates reported as being seed transmitted were later 
reported to be or suspected to be SqMV (Nelson and Knuhtsen, 
1973b). 
It was thought that isolates of WMV 1 and WMV 2 belonged 
to two separate viruses (Webb and Scott, 1965). Milne and 
Grogan (1969) found that WMV 1 and WMV 2 are serologically 
related. They have similar particles and cannot be differ¬ 
entiated by cross-protection tests or by cross-absorption 
serological tests. In Cucurbita pepo sap, the viruses lose 
infectivity after ten minutes at 58-65° C or 25-50 days at 
20° C. The dilution end-point of the viruses in sap from 
-4 - ^ 
Cucurbita pepo is 10 - 10 ^ and in sap from Citrullus 
— ? —4 
lanatus 10"*" - 10” (Milne and Grogan, 1969). 
Cucumber mosaic is one of the earliest reported virus 
diseases on cucurbits. Selby (1903) first described the 
disease from Ohio. Stone (1909) reported a mosaic disease 
of cucumber and a similar disease of melons in Massachusetts. 
The disease was first described in detail by Doolittle (1916) 
and Jagger (1916) and again, in more detail, by Doolittle in 
1920. CMV is world-wide in distribution, especially in 
temperate areas. CMV has a wide host range since it infects 
species in more than 40 dicotyledonous and monocotyledonous 
families (Price, 1940). 
CMV causes serious diseases on many crops. Some of the 
ones of major importance are those on cucurbits, spinach, 
tomato, celery, corn, gladiolus, lily, chrysanthemum, and 
many more. 
CMV exists in many strains, the best known being yellow 
cucumber mosaic virus (Price, 193^)» cucumber mosaic virus Y 
strain (Price, 1934), and the spinach strain (Bhargava, 1951)* 
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CMV is readily transmissible by sap inoculation 
(Doolittle, 1916; Jagger, 1916). It is also transmissible 
by more than 60 species of aphids in the non-persistent manner, 
notably by Aphis gossypii and Myzus persicae (Kennedy et al., 
1962). 
Seed transmission of CMV in cucurbits has been reported 
several times over the years (McClintock, 1916; Doolittle 
and Walker, 1925). Recently, the identity of the viruses 
used in these previous reports has been questioned and it has 
been suggested that the viruses were actually SqMV and not 
CMV (Nelson and Knuhtsen, 1973b), These authors believe that 
CMV was not properly confirmed by techniques available at 
that time. It is now believed that CMV is not transmitted in 
cucurbit seeds and that all the reports of seed transmission 
of mosaic in cucurbits were referring to SqMV (Nelson and 
Knuhtsen, 1973b). CMV was found to be seed-transmitted in 
four varieties of Vigna sinensis (4-28$), in Vigna 
sesquipedalis, 'White Acre' pea, and 'Yard Long' bean 
(Anderson, 1957). It was found that experimentally infected 
Stellaria media (chickweed) transmitted CMV through seed 
(5 to 8%) (Tomlinson et al., 1970). It was thought that the 
seed transmission of CMV in S. media is an important over¬ 
wintering method for the infection of lettuce plants by CMV 
(Tomlinson et al., 1970). 
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CMV is transmitted by at least 10 species of Cuscuta 
and also infects the Cuscuta plants themselves (Schmelzer, 
1956). 
CMV is an RNA-containing virus with isometic particles 
about 28-30 nm in diameter. In tobacco sap, the thermal 
inactivation point of CMV is about 70° C, its dilution end- 
Q 
point is about 10 , and it retains its infectivity at 20 C. 
for 3-6 days (Smith, 1972). 
The symptoms of cucumber mosaic on the various cucurbits 
have similar characteristics but vary in certain details 
(Smith, 1972). The period of most general infection in the 
field begins when the plants are about six weeks old and 
growing vigorously. The first symptoms appear in the young 
leaves which develop small greenish-yellow areas giving a 
characteristic yellow mottle after infection. Frequently the 
leaves at the tip turn yellow without green-yellow mosaic 
areas. Leaves sometimes become curled downward and their 
surface appears wrinkled and distorted. All plant growth 
subsequent to infection is much dwarfed as a result of short¬ 
ened intemodes and rosette-like clumping of the leaves. 
Squash mosaic virus was probably first described by 
McClintock in 1916, but he called the disease "Cucumber 
mosaic". However, because of the high rate of seed transmis¬ 
sion of this virus, he probably had a strain of SqMV (Nelson 
and Knuhtsen, 1973a). Kendrick (193*0 is generally given 
9 
credit for the first report of SqMV. During the next twenty 
years there were several reports of seed-transmitted cucurbit 
viruses (Freitag, 19^3; Freitag, 1952; Lindberg et al., 1956). 
The first detailed characterization of SqMV was by Freitag in 
1956. 
SqMV is v/idely distributed in the Western Hemisphere 
with one report from Israel (Cohen and Nitzany, 1963; Lastra, 
1968; Nelson and Knuhtsen, 1973b). Natural host range of 
SqMV is limited to the Cucurbitaceae, in which most species 
are susceptible (Freitag, 1956). Experimentally, it infects 
plants by sap inoculation in the families Amaranthaceae, 
Chenopodiaceae, Hydrophyllaceae, Leguminosae and Umbelliferae 
(Freitag, 1956). 
The most conspicuous and characteristic symptoms of SqMV 
are filiform leaves resulting from reduction of interveinal 
tissue. Additional symptoms consist of vein clearing and 
chlorotic spotting of younger leaves followed by mottling of 
light and dark green areas, vein banding, enations, cupping 
of leaves, and stunting of the plant. In inoculated cucumber 
plants the symptoms on the first true leaves tend to fade out 
so that infection is hard to detect (Freitag, 1956). This 
probably explains v/hy the disease has not been observed to 
occur naturally on cucumbers (Freitag, 1956). The fruits of 
infected cucurbit plants are malformed and have raised, 
domelike swellings (Middleton, 1944). 
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SqMV is transmitted by chrysomelid beetles (cucumber 
beetles* Diabrotica spp. and Acalymma spp.) (Freitag, 1956; 
Lastra, 1968; Sitterly, I960; Stoner, 1963), a coccinellid 
beetle (Cohen and Nitzany, 1963) and a grasshopper (Stoner, 
1963)« Virus multiplication in the vector has not been 
reported. 
SqMV is frequently transmitted through seed of Cucurbita 
moschata, C. peoo, C. maxima, C. mixta and Cucumis melo. 
Commercial and experimental seed lots generally yield about 
1% of infected seedlings (Grogan et al,, 1959) but up to 94$ 
transmission has been reported (Rader et al., 1947). 
In the past, strains of SqMV were separated by host 
symptoms only. Such strains were the common strain of SqMV, 
the cucurbit ring mosaic virus, (Freitag, 1941 & 1956), and 
the watermelon stunt strain, infecting Citrullus lanatus 
systemically (Nelson et al,, 1965). The common and water¬ 
melon strains of squash mosaic virus were compared 
serologically. While cross-reaction of antisera and antigens 
of each indicate a close serological relationship, cross 
absorption studies and immunodiffusion tests show that each 
strain has some antigenic sites not common to the other 
(Knuhtsen and Nelson, 1968). Of the five isolates tested in 
1968 and six isolates in 1973, Nelson and Knuhtsen have found 
that the isolates can be grouped in tv/o serotypes, Group I 
and Group II. Group I members cause severe symptoms on 
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cantaloupe, most cause mild symptoms on pumpkins, some infect 
watermelon and are the most prevalent of the isolates from 
cucurbits. Group II members cause mild symptoms on cantaloupe, 
severe effects on pumpkins, and none infect watermelon. In 
Group II there is no variance in symptoms as in Group I. 
Group II isolates are less common on cucurbits and have never 
been isolated from both Cucumis and Cucurbita spp. (Nelson 
and Knuhtsen, 1973b). Cross protection has been reported 
among three strains of SqMV, but SqMV did not protect against 
CMV, WMV or TRSV (Demski, 1969). 
Purified preparations of SqMV contain three kinds of 
particles (T, M, and B) with sedimentation coefficients 
(S20,w) at infinite dilution of 57S(t), 95S(m) and 118S (B) 
(Mazzone et al., 1962). The 118S particle is infectious and 
contains 35% RNA. All three components are isometric with a 
diameter of about 30 nm. 
SqMV isolates are completely inactivated after 10 minutes 
of exposure at 65° C in vitro. The dilution end point of the 
virus is 10“^ - 10” and the virus becomes inactivated in 
crude sap at room temperature after periods in excess of 
1 month (Nelson and Knuhtsen, 1973b). SqMV was reported still 
active in juice that had been frozen for 5 years (Freitag, 
1956). These properties are useful in distinquishing SqMV 
from other cucurbit viruses (Nelson and Knuhtsen, 1973b). 
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Tobacco Ringspot Virus (TRSV) is found frequently in 
cucurbit virus surveys but usually does not occur in a high 
incidence or not at all (Salama and Sill, 1968; Sitterly, 
1963; Shanmugasundaram et al., 1969? Lastra, 1968). In the 
lower Rio Grande Valley, TRSV was recovered most frequently 
from squash, cucumber and watermelon (McLean and Meyer, 1961; 
Webb, 1961). In Wisconsin, TRSV was found frequently in 
cucumber (Sinclair and Walker, 1956). 
Cucumis sativus, Cucurbita pepo and Citrullus lanatus 
are very susceptible to TRSV and produce symptoms within 
three days of infection. The new spots on the leaves consist 
of a small yellowish-brown pinpoint center surrounded by a 
bright yellow margin or halo. There is a tendency for rings 
to appear. Infection becomes systemic in about 10 days and 
the ’halo' type spots appear in great numbers in all the new 
leaves. 
The fruit symptoms in TRSV-infected cucurbits first 
appear as small 'water-soaked' spots not more than 1 mm in 
diameter. These spots become encircled by a very narrow line 
of water-soaked tissue; the spots penetrate to a depth of 
2 to 3 mm, but may reach all the way to the seed cavity and 
may develop a deep green pigment to contrast to the white or 
yellow pigment of the normal tissue. The spot in its final 
stage is composed of a small elevated center surrounded by one 
or more definite rings (Wingard, 1928). 
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TRSV is world wide in distribution. It has a wide host 
range, infecting or being transmitted experimentally to 
plants in 5^ families (DeZeeuw, 1965). TRSV is found in many 
different strains as is CMV (Price, 1936; Kahn et al. , 1962; 
Hollings, 1965; Schneider, 1969). 
One of the important means of transmission of TRSV is 
by larvae and adults of the nematode Xiphinema americanum 
(McGuire, 1964). The virus is also transmitted in soybeans 
by nymphs but not adults of Thrips tabaci (Messieha, 1969). 
Other vectors are stated to be mites Tetranychus spp. 
(Thomas, 1969), grasshoppers Melanoplus differentialis 
(Dunleavy, 1957), and the tobacco flea beetle Epitrix 
hirtepennis (Schuster, 1963). The virus is easily transmitted 
by mechanical means but not by Cuscuta spp. TRSV is seed- 
transmitted in a number of plants, notably soybean 'Lincoln* 
(Owusu et al., 1968), petunia, Nicotiana glutinosa. Gomphrena 
globosa and Taraxacum officinale (Henderson, 1931). 
A prominent chlorotic leaf spotting of yellow summer 
squash (Cucurbita pepo) in the Northeastern United States was 
found to be incited by the severe strain of bean yellow mosaic 
virus (BYMV-s) (Prowidenti and Uyemoto, 1973). BYMV-s was 
first described as a strain of BYMV producing local lesions 
on tobacco (Thomas and Zaumeyer, 1953). The virus in the 
Northeast was identified by host range, serology and electron 
microscopy. Experimentally, BYMV-s infected the following 
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cucurbit species* Citrullus lanatus. Cucumis metuliferust 
C. sativust Gucurbita lundelliana, C. maxima 'Gold Nugget', 
and Echinocystis lobata. 
Initial symptoms consist of small, round, bright yellow 
spots on the newly developed leaves. The spots gradually 
enlarge but remain distinct throughout the season. As the 
growing season progresses, the lesions on the older leaves 
develop necrotic centers while the surrounding chlorotic 
tissue turns gray and brittle. The number of lesions per 
leaf vary considerably from a few inconspicuous specks to 
numerous spots covering the entire leaf. Temperature or 
other environmental factors appear to be critical to the 
development of symptoms. In climatic chambers with 
temperatures ranging from 20° to 30° C» inoculated 'Early 
Prolific Straightneck' squash plants exhibited maximum leaf 
spotting at the higher temperature (Prowidenti and Uyemoto, 
1973). 
Several wild legumes are reservoir hosts of BYMV-s 
(Prowidenti and Uyemoto, 1973). BYMV-s is transmitted 
mechanically and by aphids. Macrosiphum euphorbiae is 
believed to be the main vector to squash (Prowidenti and 
Uyemoto, 1973). BYMV-s is a long flexuous particle of 750 nm 
average length. Its thermal inactivation point lies between 
56° and 60° C; its dilution end-point is 10“^ - 10 and its 
longevity in vitro is 24 to 32 hours at room temperature. 
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Surveys for virus diseases of cucurbits have been made 
in several sections of the United States. The most important 
viruses found were WMV, CMV, TRSV and SqMV. In most areas 
WMV 1 and WMV 2 appeared to be the predominant viruses with 
CMV second and TRSV and SqMV third and fourth (Anderson, 
1952; Nelson et al. , 1962; Grogan et ad.., 1959; Shanmugasun- 
daram, et al., 1969; Provvidenti and Schroeder, 1970; Webb, 
1961; McLean and Meyer, 1961; Sinclair and Walker, 1956; 
Salama and Sill, 1968). SqMV was the most predominant virus 
in surveys in South Carolina and Kansas (Sitterly, 1963; 
Salama and Sill, 1968). In the lower Rio Grande Valley, TRSV 
was recovered most frequently followed by WMV (McLean and 
Meyer, 1961; Webb, 1961). The most common virus in Wisconsin 
cucumbers was CMV, while TRSV was second (Sinclair and Walker, 
1956). 
Since cucurbit viruses are commonly found together in 
the same fields and even in the same plant, diagnostic hosts 
are used to identify and separate the viruses. 
The host range used as diagnostic hosts by Webb (1971) 
is as follows: Cucurbita pepo (squash, 'Early Prolific 
Straightneck'), Cucumis melo (cantaloupe, line 'B63-3')* 
Citrullus lanatus (watermelon, 'Charleston Gray'), Nicotiana 
tabacum (tobacco, 'Samsun'), Luffa acutangula and Chenopodium 
amaranticolor (Webb, 1971). The virus or viruses in each 
specimen were identified: a) as TRSV when symptoms were 
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produced on squash cotyledons (Webb and Bohn, 1961), 
C.. amaranticolor, cantaloupe 'B63-3'* watermelon, tobacco and 
L. acutangula (Milne et al., 1969; Webb and Scott, 1965); 
b) as WMY 1 when local lesions were produced on melon 'B63-3* 
(Webb, 1961), and systemic mottle in squash, watermelon and 
L. acutangula (V/ebb, 1965); c) as WMV 2 when local lesions 
were produced on C. amaranticolor (Demski, 1969; Milne and 
Grogan, 1969) and systemic mottle in squash, cantaloupe and 
watermelon; d) as CMV when local lesions were produced on 
C. amaranticolor and watermelon, and systemic mottle in 
squash, cantaloupe, tobacco, and L. acutangula; e) as SqMV 
when systemic symptoms were produced in squash and cantaloupe 
and usually none on watermelon (Nelson ejb al. , 1965). Mix¬ 
tures of viruses were separated as follows* CMV from WMV 1 
and WMV 2 through inoculation to watermelon, WMV 1 from 
WMV 2 through inoculation to L. acutangula, WMV 2 from WMV 1 
through inoculation to cantaloupe ,b63-3'« When SqMV was 
suspected a dilution series was conducted. It was found by 
other investigators that Cucumis melo •B63-3' did not always 
produce lesions when inoculated with WMV 1 and therefore was 
not a reliable indicator for WMV 1 in a mixture with WMV 2 
(Milne et al., 1969). It was found that L. acutangula was 
susceptible to some isolates of WMV 2 and also to WMV 1, CMV 
and TRSV, so its value as a cucurbit differential host is 
questionable (Milne et al., 1969). Watermelon was used some- 
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times to identify WMV in a mixture with CMV. CMV caused 
severe reaction to watermelon in which WMV symptoms were 
difficult to observe (Milne et al., 1969). It was found that 
Lavatera trimestris was useful as a. host for obtaining WMV 
free of CMV (Milne et al,, 1969). 
Prowidenti and Schroeder (1970) used the following 
diagnostic hosts to separate cucurbit viruses in New York. 
Cucurbita pepo ’Zucchini Elite', Cucumis sativus ’Marketer’, 
Citrullus lanatus ’Charleston Grey', Vigna sinensis 'Blackeye*, 
Phaseolus vulgaris 'Black Turtle', Pisum sativum 'Ranger', 
P. sativum ’Bonneville', Phaseolus lunatus 'Henderson Bush', 
and Chenopodium amaranticolor. WMV was distinguished from 
SqMV by the severe infection of watermelon. Although the 
local lesion reaction of WMV 2 on C. amaranticolor distin¬ 
guished WMV 2 from WMV 1, the systemic infection of 'Ranger' 
pea and of a selection of 'Black Turtle’ bean by WMV 2 were 
more useful differentials because the virus could be recovered 
from them. 'Black Turtle* bean separated CMV from WMV 2 by 
the exclusion of CMV. 'Ranger' pea, susceptible to WMV 2 and 
'Bonneville' pea, resistant to WMV 2, v/ere useful differen¬ 
tials because CMV infected both cultivars. In a combination 
of WMV 1 and CMV, WMV 1 was recovered from growing tips of 
systemically infected 'Charleston Gray* watermelon and CMV 
from 'Henderson Bush* bean. In the greenhouse, WMV 1 was 
readily distinguished from WMV 2 by the more severe symptoms 
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WMV 1 incited in ’Zucchini Elite' squash and 'Marketer' 
cucumber. 
Positive identification of cucurbit viruses can also be 
made by use of physical properties, serology and electron 
microscopy (Milne et al., 1969). 
There have been many reports of cucurbit viruses natur¬ 
ally infecting 100$ of the plants in the field (Nelson et al., 
1962; Nelson and Tuttle, 19695 McLean and Meyer, 1961; Nelson 
et al., 1966; Grogan et al., 1959). One grower of 'Blue 
Hubbard' and 'Butternut* squashes in New York State estimated 
a loss of 60 to 70$ of the crop in fields totaling 70 acres 
that had been infected with WMV (Prowidenti and Schroeder, 
1970). In a field trial in New Zealand it was found that 
early infection with ’WMV 2 caused yield reductions of 65$ in 
'Buttercup* squash, 53$ in 'Golden Hubbard' squash, and 49$ 
in pumpkin, but not in cucumber (Thomas, 1971). No yield 
reduction was recorded with late infection of WMV in any of 
the four cucurbit species. WMV reduced the fresh weight of 
three varieties of watermelon ('Charleston Gray',’Garrisonian*, 
and 'Florida Giant') by an average of 55$ (Demski and 
Chalkey, 1974). Yield losses varied from 73$ (early infec¬ 
tion) to 19$ (late infection). Adlerz (1971) reported a 60$ 
loss of watermelon due to WMV in Florida. 
Sources of cucurbit viruses for planted fields are 
infected seeds, diseased crop plants which survive between 
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successive crops, and infected alternate hosts, wild and/or 
cultivated, including symptomless carriers, WMV and CMV are 
viruses which are short lived under natural conditions in 
dead tissues. Therefore, they require an annual or perennial 
host that survives during the winter or between crop seasons 
in order for the virus itself to survive and initiate new 
infections on annual crop plants by use of a vector. Some 
of the annual and perennial plants that serve as sources for 
new CMV infections are: Asclepias syriaca (milkweed) 
(Doolittle and Walker, 1925); Phytolacca decandra (pokeweed), 
Commelina spp. (Anderson, 1952; Shanmugasundaram et al. , 
1969), Carthamus tinctorius (safflower), Solanum melongena 
(Nelson et al., 1966), Vinca rosea (periwinkle), Amaranthus 
palmeria (pigweed), Chenopodium album (lamb’s quarter), Beta 
vulgaris (sugar beet), Sonchus asper (sow thistle) (Nelson 
and Tuttle, 1969), Solanum eleagnifolium (Grogan et al., 
1959), Stellaria media (chickweed) (Tomlinson et al., 1970), 
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Phytolacca americana. Phlox drummondii. Gladiolus spp,, plus 
many more (Faan and Johnson, 1951). 
WMV 1 and WMV 2 also have annual and perennial plants 
which serve as sources for new infection. These are: 
Melothria spp. (Anderson, 1952), Melilotus indica (sour 
clover) Nelson and Tuttle, 1969), Medicago sativa (alfalfa) 
(Grogan _et al., 1959), Chenopodium album (lamb's quarter), 
Gossympium hirsutum (cotton) (Nelson and Tuttle, 1969), 
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Mamordica balsamina (Toba, 1962), Phytolacca americana 
(V/ebb, 1971). SqMV has been found in the perennial hosts 
Cucurbita foetidissima (buffalo gourd) (Salama and Sill, 
1968), and Echinocystis lobata (Nelson and Knuhtsen, 1973a). 
The epidemiology of a virus disease in a given area may 
be a highly complex phenomenon involving a number of wild 
hosts, commercial crops and different vectors (Duffus, 1971)* 
One important aspect of the epidemiology of a virus disease 
is its vector. Known vectors of WMV and CMV, such as Myzus 
persicae and Aphis gossypii, overwinter on perennial weed 
hosts. The winged aphids acquire virus in late winter and 
early spring from overwintering virus sources, infect new 
crops and return in the fall to reinfect new overwintering 
hosts (Duffus, 1971). The process whereby the aphid lands 
on a virus source plant, feeds, departs, lands on the cucurbit 
and feeds is largely by chance, but the probability of this 
occurring is governed by the abundance of vectors, abundance 
of virus source plants and proximity of source plants to the 
cucurbit field (Nelson and Tuttle, 1969)* If all these 
factors are favorable and the source is close and prevalent, 
one gets a repeated introduction of virus into the field 
resulting in a rapid increase in incidence as compared to a 
source farther away which results in a lag in incidence and a 
sigmoid curve (Nelson and Tuttle, 1969)* CMV and WMV are not 
retained by their vectors for more than a few minutes 
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(Coudriet, 1962). WMV 2 is spread relatively short distances 
depending on the distance the aphids fly and length of time 
the vectors remain infectious (Nelson and Tuttle, 1969). CMV 
and WAV are not moved more than a few kilometers by their 
aphid vectors in a given season (Nelson and Tuttle, 1969). 
The time in days between development of each successive locus 
of infection roughly corresponds to the incubation period of 
WMV 2, which is 5-7 days (Nelson and Tuttle, 1969). 
Nelson and Tuttle (1969) found that in the period from 
i960 to 1966 virus incidence varied from low to high, but 
areas of low and high incidence were consistent over the 6 
years. WMV 2 was regularly distributed in all areas, but CMV 
was found consistently in only two areas. CMV was more 
damaging but WMV 2 was the more prevalent and the more widely 
distributed (Nelson, 1964), 
In California, the relative prevalence of CMV and WMV, 
separately or in combination with each other, was fairly 
consistent during three years of the survey, respectively! 
9% and 89$ of all samples in 1956, 25% and 93%° in 1957, and 
9% and 96%> in 1958 (Grogan et al., 1959). The same workers 
showed that WMV was more prevalent in some areas and CMV more 
prevalent in others, which is in agreement with data presented 
by Anderson (1952). 
In Florida, WMV seemed to spread more rapidly than CMV 
in squash plantings, and older squash were more resistant to 
CMV than WMV (Anderson, 1952). 
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Viruses with narrow host ranges may survive either 
because their host is perennial or vegetatively propagated, 
or because the virus is seed transmitted (Matthews, 1970), 
SqMV is mainly introduced into a cucurbit field by seed 
transmission and is subsequently transmitted by the cucumber 
beetles (Freitag, 1956), The watermelon stunt strain of 
SqMV is reported to be seed-transmitted more frequently than 
the common strain and is the more prevalent of the two 
strains (Nelson and Knuhtsen, 1969). 
Scott, (1963) used the following purification method to 
increase infectivity of the purified CMV obtained from 
Nicotiana tabacum ,Samsun'. Tobacco leaves infected with 
CMV-Y are homogenized in .5 M citrate buffer pH 6.5 (contain¬ 
ing .1% thiglycollic acid) and chloroform in proportions of 
lg: 1ml: 1 ml, respectively. The emulsion is broken by 
centrifuging at 1200g for 10 minutes. The aqueous phase is 
dialyzed against .005 M borate buffer pH 9.0 for 20-24 hrs. 
The dialyzate is centrifuged at 5400g for 15 minutes and the 
clarified dialyzate is centrifuged for 2-1/2 hrs at ?8,000g. 
Pellets are resuspended in .005 M borate buffer pH 9.0, and 
the clarified suspension is further purified by two cycles 
of differential centrifugation with the high speed at 
105,000g for 1-1/2 hrs. The suspension at the end of centri¬ 
fugation contained particles of 28-30 nm diameter and showed 
a major and a minor component in the analytical centrifuge. 
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Inoculated tobacco leaves yielded 100—400 mg virus per kg 
leaf tissue. 
Murant (1965) using a different purification method 
obtained the same results as Scott (1963). 
van Regenmortel (1964) reported that he found two peaks 
in the analytical ultracentrifuge using Scott's method (1963), 
but after the use of zone electrophoresis only one peak was 
observed. He identified the second small component serologi¬ 
cally as F protein and it could be removed by electrophoresis. 
Takanami and Tomaru (1969) modified Scott's (1963) 
procedure with the use of Sephadex gel filtration and ethylene- 
diamine-tetraacetic acid (EDTA). These improvements were 
made to produce only one peak in the analytical ultracentri¬ 
fuge and in sucrose density-gradient centrifugation, to avoid 
aggregation and degradation of the virus during storage, and 
to increase virus yields. For density-gradient centrifugation, 
the virus was layered on 10 to 40^ sucrose in .005 M sodium 
borate adjusted to pH 9-0, The tubes were centrifuged in an 
SV7 25.2 rotor at 24,000 rpm for 4 hrs. and the material was 
collected in fractions (Takanami and Tomaru, 1969). 
Although there are not any absolute methods for control 
of cucurbit virus diseases, there are effective methods for 
decreasing incidence. Resistant varieties, removal of weed 
hosts, insect control by use of sprays, yellow plastic 
attractants, and aluminum mulch have been used to decrease 
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incidence. 
CMV and WMV have been found in mixtures in the same 
plant (Webb et al., 1965» Lastra, 1968). In systemic 
infections, as in local ones, viruses in mixtures may act 
independently in inducing symptoms, there may be interfer¬ 
ence, or the interactions may be synergistic. There are 
no known reports of interference, synergism or antagonism 
between CMV and WMV in cucurbits. CMV has been found to 
affect systemic symptoms in a mixed inoculation of tobacco 
with TMV and CMV (Ross, 1959). In mixed infections•in 
tobacco, cucumber mosaic virus had no effect on the 
concentration of potato virus X (PVX), potato virus Y (PVY) 
or henbane mosaic virus, and these viruses had no effect on 
the concentration of CMV (Bawden and Kassanis, 19^5). 
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MATERIALS AND METHODS 
1. The Viruses 
The CMV isolate used in these studies was obtained from 
infected leaves of a ’Butternut’ squash plant (Cucurbita 
moschata) in Amherst, Massachusetts. Isolates of WMV 1, 
WMV 2, SqMV, and BYMV-s were obtained from infected leaves 
of cucurbits from fields in Massachusetts. Isolates of 
WMV 1, WMV 2, BYMV-s, and SqMV were also kindly supplied by 
Dr. R. Provvidenti, New York Agricultural Experiment 
Station, Geneva, and were used for comparison with the same 
viruses isolated from cucurbits in Massachusetts. The SqMV 
isolates IA and IIA supplied by Dr. R. Provvidenti were 
originally obtained by him from Dr. M. R. Nelson, Department 
of Plant Pathology, University of Arizona, Tucson. 
2. The Plants 
Plants were grown from seed in the greenhouse in steam- 
treated soil composed of one part each of loam, peat moss 
and sand. The average temperature was 26° C in the winter 
and 26° C, or higher during sunny days, in the summer, but 
seldom over 36° C for any length of time. 
A large number of species and varieties of vegetable, 
flower and weed plants were used for host range studies. 
These are listed below. Most seeds used were obtained from 
commercial sources. Phaseolus vulgaris 'Black Turtle Soup' 
and Pisum sativum 'Bonneville* and 'Ranger' were obtained 
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from Dr. R. Provvidenti of Geneva, New York. Cucumis melo 
selection 'B66-3' and Luffa acutangula were obtained from 
Dr. R. E. Webb, USDA, Beltsville, Maryland. Pisum sativum 
’Mars', 'Nugget', and 'Venus' were kindly supplied by Asgrow 
Seed Company. Chenopodium amaranticolor, C. quinoa, Nicoti- 
ana tabacum varieties, N. glutinosa, N. rustica 'Pricilla', 
and N. sylvestris were obtained from the seed collection in 
the Department of Plant Pathology at the University of 
Massachusetts. 
The host plants used in these experiments included the 
following! Cucurbita pepo (22 varieties), C. maxima 
(8 varieties), C. moschata (3 varieties), Cucumis sativus 
(19 varieties), C. melo (6 varieties), Citrullus lanatus 
(4 varieties), Luffa acutangula, Lagenaria spp., Nicotiana 
glutinosa, N. rustica 'Pricilla', N. sylvestris, N. tabacum 
(5 varieties), Capsicum frutescens (3 varieties), L.ycoper- 
sicon esculentum (4 varieties), Petunia hybrida, Solanum 
melongena, Beta vulgaris, Chenopodium amaranticolor, 
C. quinoa, Spinacia oleracea, Phaseolus olimensis, P. lunatus 
(3 varieties), P. vulgaris (13 varieties), Pisum sativum 
(6 varieties), Vicia faba, Vigna sinensis, Brassica .japonica, 
B. oleracea. var. acephala, B. oleracea var. botrytis 
(3 varieties), B. oleracea var. capitata (9 varieties), B. ole 
racea var. gongylodes, B. pekinensis (2 varieties), B. rapa, 
Raphanus sativus (2 varieties), Helianthus annuus, Lactuca 
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sativa (3 varieties), Zinnia elegans (2 varieties), Zea mays 
(6 varieties), Antirrhinum ma.jus, Coriandrum sativum, and 
Daucus carota. 
3. Maintenance of Viruses 
CMV was maintained in Nicotiana tabacum 'Samsun' and 
Cucurbita pepo 'Small Sugar', Inoculated leaves from 
N. tabacum 'Samsun' were used as source of virus 7 to 10 
days after inoculation. Systemically infected leaves of 
C. pepo 'Small Sugar' were used 2 to 3 weeks after inocula¬ 
tion. WMV 1, WMV 2, and SqMV were maintained in Cucurbita 
pepo 'Small Sugar' or 'Zucchini Elite'. Systemically 
infected leaves were used as inoculum 2 to 3 weeks after 
inoculation. BYMV-s was maintained in Phaseolus vulgaris 
'Red Kidney'. Systemically infected leaves were used for 
inoculations. 
4. Mechanical Inoculation 
The following procedure was used for all mechanical 
inoculation on all hosts for CMV, WMV 1, WMV 2, and SqMV. 
Inoculum was prepared by grinding 1 gram of infected plant 
tissue in a mortar with 10 ml of 1% K2HP0^ containing 1% 
magnesium trisilicate and 2.5^ celite. The inoculum was 
applied with cheese cloth to host plants preshaded for 24 
hours. C. pepo 'Small Sugar' and 'Zucchini Elite', which 
were used for maintenance purposes were not preshaded. 
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The same procedure was used for BYMV-s except that .01 M 
phosphate buffer pH 7*0 and carborundum were used instead, 
5. Host Range Experiments 
Inoculation of each host with CMV was repeated at least 
3 times. Vigna sinensis ’Early Ramshorn’ was used as the 
local lesion assay host for CMV. In each host range 
experiment, plants of 'Early Ramshorn* were inoculated before 
and after inoculation of the other hosts to monitor the 
infectivity of the CMV inoculum at the beginning and at the 
end of each inoculation experiment. Inoculated hosts that 
remained symptomless were tested for the presence of CMV by 
inoculating infected host tissue to cowpeas. 
6. Properties of the Virus in Sap 
a. Dilution End Point 
One ml of sap from virus-infected tissue of Cucurbita 
pepo 'Small Sugar* and Nicotiana tabacum 'Samsun' was mixed 
with 9 parts of either distilled H^O or 1% K^HPO^. This 
was a 1/10 dilution. The 1/10 dilution was further diluted 
with distilled water or buffer to give several ten-fold 
dilutions. Cowpea plants grown in a growth chamber at 80° F 
were kept in the dark for 24 hours before inoculation (Sill 
and Walker, 1952). The primary leaves of the cowpea plants 
were dusted with celite and inoculated with the serial 
dilutions of the virus when the plants were 11 days old. 
Opposite whole leaves were inoculated with the different 
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dilutions. The inoculated plants were then grown in a growth 
chamber at a light intensity of 1,000 foot candles at a 16 
hour light period. 
b. Longevity in Vitro 
Sap from CMV-infected N. tabacum 'Samsun' and C. pepo 
'Small Sugar' and a 10"1 dilution of this sap in distilled 
water were placed in a beaker at a room temperature of 24° C. 
at one-day intervals, the sap and the 1CT1 dilution were 
inoculated to celite-dusted cowpea plants. 
c. Thermal inactivation Point 
One ml amounts of sap from CMV-infected N. tabacum 
'Samsun' were placed in 10 x 75 mm disposable test tubes. 
The sap-containing tubes were heated for 10 minutes in a 
water bath preset at selected temperatures ranging from 50° C 
to 75° C. After 10 minutes, the tubes were removed from the 
water bath and placed in ice-cold water to cool. The sap 
was then inoculated to 8 cowpea leaves. 
7. Purification 
Purification of the Massachusetts isolate of CMV was 
carried out according to the methods of Scott (1963) and 
Takanami and Tomaru (1969), with further modifications. 
Inoculated leaves of N. tabacum 'Samsun' were harvested 7 to 
10 days after inoculation. The leaves were ground in a V/aring 
blender for 2 minutes with chloroform and .5 M citrate buffer 
pH 6.5. The buffer also contained ,1% thioglycolic acid and 
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.01 M ethylene-diamine-tetraacetic acid (EDTA). The ratio 
of tissue to chloroform to buffer was 1 g i 1 ml * 1 ml. The 
emulsion was then centrifuged at 7*500g 15 minutes. The 
supernatant was centrifuged again at 7,500g for 5 minutes. 
The supernatant was then dialyzed in a Zeineh Dialyzer at an 
approximate rate of 100 ml per hour. The dialyzed superna¬ 
tant was centrifuged at 78,000g for 75 minutes. Pellets were 
resuspended in .005 M borate buffer pH 9.0 containing 0,01 M 
EDTA and the suspension was clarified by centrifugation at 
5,400g for 15 minutes. The clarified suspension was centri¬ 
fuged for 45 minutes at 105,000g and the pellets were 
resuspended in .005 M borate buffer pH 9.0. The low speed 
centrifugation was then repeated. The supernatant from the 
latter constituted the purified virus preparation. All work: 
was done at 4° C. 
The quantity of virus in the preparation was determined 
by using a Beckman DB-G spectrophotometer set at 260 mu. An 
optical density of 5.0 was taken to correspond to a virus 
concentration of 1.0 mg/ml (Kaper et al. , 1965). After 
quantification, the virus solution was further purified by 
density gradient centrifugation or was stored in the 
refrigerator for other use. 
8. Density Gradient Centrifugation 
The method of density gradient centrifugation used in 
this study was that of Scott (1968). Density gradient tubes 
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were prepared by layering .2 M and .7 M sucrose solutions 
in .005 M sodium tetraborate pH 9.0 using an ISCO model 570 
gradient former. One ml of purified virus suspension was 
layered on top of the gradient and the tubes were centri¬ 
fuged at 90,OOOg for 3-1/2 hours in an SW 40 rotor in a 
Beckman L2-65B preparative ultracentrifuge. After centrifu¬ 
gation the content of the tubes was fractionated with an 
ISCO model 640 density gradient fractionator. Portions of 
the fractions were diluted and inoculated on leaves of 
Y. sinensis for infectivity assay tests. 
9. Electron Microscopy 
In order to observe the shape and measure the size of 
the virus particles, purified virus preparations from 
N. tabacun 'Samsun• were examined under the electron micros¬ 
cope. A drop of the purified virus preparation wras placed 
on a carbon-stabilized formvar film coating a 300 mesh grid 
and v.’as negatively stained with phosphatungstic acid 
pH 7.0. The stain solution was allowed to stand on the grid 
for 45 seconds, at which point excess liquid was removed 
with filter paper. The grid was then examined with a 
Phillips EM 200 electron microscope. 
10. Field Survey Procedures 
The first part of the field survey was to study the 
appearance, incidence and spread of cucurbit viruses in 
individual cucurbit fields during the growth season of 
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cucurbits. Fields of Cucurbita pepo, C. maxima, C. moschata 
and Cucumis sativus were selected in various areas for study. 
Samples of leaves or fruit from cucurbit plants were 
selected by symptom appearance only. The leaves or fruit 
from one infected plant were placed in a plastic bag and 
stored in an ice chest until they could be brought to the 
laboratory. There, the sample was either stored briefly in 
a refrigerator or was frozen until it could be diagnosed 
through inoculation of a set of diagnostic hosts. The 
diagnostic host range used to identify the cucurbit viruses 
was similar to that used by Provvidenti and Schroeder (1970), 
but was slightly modified, as can be seen in Table 2. When 
the presence of SqMV was suspected, it v/as separated from 
other cucurbit viruses by running a dilution end point test. 
WMV 1 was separated from WMV 2 by symptom expression and was 
further identified by host reactions on Luffa acutangula and 
Cucumis melo •B63-3* and by its limited host range. Each 
group of diagnostic hosts was preshaded for 24 hours and the 
hosts were inoculated with cheese cloth moistened with the 
sap from the sample ground in 1$ K2HP0^ containing 1;% 
magnesium trisilicate and 2.5$ celite. The inoculated plants 
were checked for symptoms every 3 days for 2 weeks. 
The field surveys were made by walking along the peri¬ 
meter of the cucurbit field under observation 2 rows from 
the edge, and then criss-crossing the field in 2 diagonals. 
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The incidence of mosaic symptoms was determined by selecting 
20 consecutive plants in a row and counting the number of 
symptomatic plants in that portion of the row. At least 5 
groups of 20 plants per field were checked each time. At 
least 5 samples of symptomatic plants were taken from each 
field at each survey, which was made about every 2 weeks. 
Symptomatic and symptomless weeds were collected from around 
the edge of the observed field. The weed samples were 
inoculated to Cucurbita pepo 'Small Sugar', Vjgna sinensis 
'Early Ramshom* and P. vulgaris 'Black Turtle'. Any samples 
producing symptoms were further examined and the viruses 
identified by the diagnostic host range. 
11. Effect of CMV on Cucurbit Yields 
The susceptibility of cucurbits to the Massachusetts 
isolate of CMV was determined by measuring yields of mechani¬ 
cally inoculated plants and comparing them to the yields of 
uninoculated plants. The cucurbits used were Cucurbita pepo 
(22 varieties), C. maxima (9 varieties), C. moschata 
(3 varieties), Cucumis sativus (20 varieties), and Cucumis 
mel° (2 varieties), 24 plants of each variety were planted 
in 6 groups of 4 plants each, so that 3 groups, or a total of 
12 plants, were inoculated with CMV and 12 were left uninocu¬ 
lated. The plants were inoculated as described before with 
CMV obtained from N. tabacum 'Samsun'. The inoculation was 
made when the plants were 4 weeks old. All inoculated plants 
not developing symptoms following the first inoculation were 
reinoculated two weeks after the first inoculation to assure 
more complete infection. Symptoms were recorded periodically 
over the duration of the experiment. Fruits were harvested 
at certain dates and numbers and weights of fruits were 
determined for each group of 4 plants. The viruses present 
in the plants at the end of the experiment were determined 
by inoculating a series of diagnostic hosts with sap from a 
representative sample of the inoculated and uninoculated 
cucurbit plants. 
12. Studies on Possible Synergistic Effects of Mixed CMV 
and WMV 2 Infections in Cucurbits 
a. Greenhouse Experiments 
One isolate of CMV and one of WMV 2 were used for stud¬ 
ies on interactions between the two viruses and the plant. 
Both viruses were maintained in C. pepo 'Small Sugar'. The 
leaves of inoculated plants were harvested 2 to 3 weeks after 
inoculation and were used as inoculum in the experiments. 
Cucumis sativus 'Wisconsin SMR 58' and Cucurbita maxima 
'Blue Hubbard' were the hosts used in the synergism experi¬ 
ments. One plant was grown per each 4-inch pot in a lil 
mixture of sand and soil. The plants were fertilized once a 
week and not more than 3 times per experiment. Each plant 
was given 50 ml of Start-N-Grow fertilizer 16-32-16 at a 
concentration of 30g of fertilizer per gallon of water. The 
temperature in the greenhouse was maintained between 75° F 
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and £0° F and artificial lights were used to create an 
12-hour light period. The experiment was conducted from 
February 1, 19?^- to June 15, 197^. The cucumber and squash 
plants were inoculated with a dilution of lg of virus- 
infected pumpkin tissue to 10 ml of 1% K^PO^ containing 
1% magnesium trisilicate and 2.5^ celite. The tissue was 
ground with a mortar and pestle and applied to cotyledons 
or leaves with the fingers. Mixtures of CMV and WMV 2 
were obtained by mixing equal volumes of ground tissue in 
buffer and applying as mentioned above. 
Each experiment was repeated 3 times on each species. 
Each replication consisted of 19 treatments v/ith each 
treatment consisting of 10 plants. 
The uninoculated control treatment, consisting of 10 
plants, was repeated twice in each replication. The treat¬ 
ments were as follows: In both, cucumber and squash, the 
first inoculation was made 8 days after the seeds v/ere 
planted. All subsequent references to the age of the 
plants at the time of inoculation imply days from the day 
the seeds were planted. The treatment Al, 2 groups of 10 
plants each were left as inoculated controls. In the second 
set of treatments (El to B3) 8-day-old plants were 
inoculated on the cotyledons with either CMV or WMV 2 alone 
or with a mixture of equal amounts of CMV and WMV 2 infected 
tissue ground in buffer. In the third set of treatments 
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(Cl and C2) CMV or WMV 2 were inoculated on cotyledons of 
10-day-old plants. In the fourth set of treatments 
(D1 to D3), the squash plants were inoculated when they were 
12 days old and the cucumber plants when they were 13 days 
old. All inoculations were made on the first leaf with 
either CMV alone or WMV 2 alone or with a mixture of the 
2 viruses. In the fifth set of treatments (El to E3), all 
plants were inoculated as above but on the second emerging 
leaf, and when the squash plants were 16 days old and the 
cucumber 18 days old. 
In the sixth set of treatments (FI to F3), the plants 
were inoculated with CMV on the cotyledons when they were 
8 days old. Subsequently, in the first treatment (FI), 
WMV 2 was applied on the same cotyledons 2 days later. In 
the second treatment (F2), WMV 2 was applied 4 days after 
the CMV inoculation on the first emerging leaf of squash 
and 5 days after the CMV inoculation on the first leaf of 
cucumber, so that the squash plants were 12 days old and 
the cucumber plants 13 days old when they were inoculated 
with the second virus (WMV 2). In the third treatment (F3), 
WMV 2 was inoculated on the second emerging leaf of squash 
8 days, and of cucumber 10 days, after the CMV inoculation, 
so that the squash plants were 16 days old and the cucumber 
plants were 18 days old when inoculated with the second 
virus (WMV 2). In the seventh set of treatments (G1 to G3), 
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the plants were inoculated with WMV 2 on the cotyledons 
v/hen they were 8 days old and were subsequently inoculated 
with CMV at the same time intervals as those used for WMV 2 
inoculations in the treatments (FI to F3). The treatments 
applied can be seen in the following tabulation* 
Al. Uninoculated - 2 groups of 10 plants each. 
Bl. CMV inoculated on cotyledons of 8-day-old plants. 
B2. WMV 2 inoculated on cotyledons of 8-day-old plants. 
B3. Cotyledons of 8-day-old plants inoculated with a 
mixture of CMV and WMV 2. 
Cl. CMV inoculated on cotyledons of 10-day-old plants. 
C2. WMV 2 inoculated on cotyledons of 10-day-old plants. 
Dl. A mixture of CMV and WMV 2 inoculated on the first 
emerging leaf of 12-day-old squash and of 
13-day-old cucumber. 
D2. CMV inoculated on the first emerging leaf of 
12-day-old squash and of 13-day-old cucumber. 
D3. WMV 2 inoculated on the first emerging leaf of 
12-day-old squash and of 13-day-old cucumber. 
El. CMV inoculated on the second emerging leaf of 
16-day-old squash and of 18-day-old cucumber. 
E2. WMV 2 inoculated on the second emerging leaf of 
16-day-old squash and of 18-day-old cucumber. 
E3. A mixture of CMV and WMV 2 was inoculated on the 
second emerging leaf of 16-day-old squash and of 
18-day-old cucumber. 
FI. Cotyledons of 8-day-old plants were inoculated 
with CMV and 2 days later were reinoculated 
with WMV 2. 
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F2. Cotyledons of 8-day-old plants were inoculated 
with CMV and then the first emerging leaves of 
squash and cucumber were inoculated with WMV 2 
(4 and 5 days after the CMV inoculation, 
respectively). 
F3. Cotyledons of 8-day-old plants were inoculated 
with CMV and then the second emerging leaf of 
squash and cucumber were inoculated with WMV 2 
(8 and 10 days after the CMV inoculation, 
respectively). 
Gl. Cotyledons of 8-day-old plants were inoculated 
with WMV 2 and 2 days later were reinoculated 
with CMV, 
G2. Cotyledons of 8-day-old plants were inoculated 
with WMV 2 and the first emerging leaf of squash 
and cucumber were inoculated with CMV (4 and■5 
days after the WMV 2 inoculation, respectively), 
G3. Cotyledons of 8-day-old plants were inoculated 
with WMV 2 and then the second emerging leaf of 
squash and cucumber were inoculated with CMV 
8 and 10 days after the CMV 2 inoculation, 
respectively). 
'Early Ramshom' cowpea and 'Black Turtle' bean plants 
were inoculated at the beginning and at the end of the 
inoculations in each treatment to determine the identity 
and the infectivity of the inoculum. 
Each experiment, consisting of the 19 treatments, was 
terminated on the 15th day after the last inoculation. Each 
plant was separated into the above ground part, which 
included leaves and stem, and the below ground part, which 
included the roots. The above ground part of each plant 
was placed in a separate 5-lb, paper bag and the roots were 
placed in a 3-1/2” by 5” paper envelope. Each bag and 
envelope was weighed immediately and then placed in a drying 
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oven at l60° F for 3 days, at the end of which time the dry 
weight of each part of the plant was weighed. 
In one replication each of cucumber and squash, extra 
plants were inoculated in each treatment. At the end of 
each experiment these extra plants were used as inoculum 
from which the viruses were reisolated onto 'Early Ramshom' 
cowpea and 'Black Turtle' beans. The symptoms produced on 
the cowpea and bean plants were used to determine if the 
plants in each treatment contained the virus that was 
originally inoculated onto them, 
b. Field Experiments 
The possible synergistic effect of CMV and WMV 2 was 
evaluated in the field on the same two hosts used in the 
greenhouse experiments: Cucumis sativus 'Wisconsin SMR 58' 
and Cucurbita maxima 'Blue Hubbard', The virus isolates 
employed were also the same and were maintained as in the 
previous experiment. The squash and cucumber hosts were 
each tested in 9 treatments replicated 4 times in a complete 
randomized block design. Each treatment consisted of 10 
plants in a 15-ft. row. Cucumber rows were 6 ft. apart and 
squash rows were 12 ft. apart. The 4 replications were 
placed at random in a 36 by 72 ft. area for cucumbers and 
in a 72 by 72 ft. area for squash. The age of the plants 
mentioned is from the time of planting. The treatments were 
as follows: 
1. Uninoculated control. 
2. CMV inoculated on cotyledons of 11-day-old plants. 
3. WMV 2 inoculated on cotyledons of 11-day-old plants. 
4. A mixture of CMV and WMV 2 inoculated on cotyledons 
of 11-day-old plants. 
5. CMV inoculated on the second emerging leaf of 
21-day-old plants. 
6. WMV 2 inoculated on the second emerging leaf of 
21-day-old plants. 
7. A mixture of CMV and WMV 2 inoculated on the second 
emerging leaf of 21-day-old plants. 
8. CMV inoculated on cotyledons of 11-day-old plants 
followed by WMV 2 inoculated on the second emerging 
leaf of 21-day-old plants. 
9. WMV 2 inoculated on cotyledons of 11-day-old plants 
followed by CMV inoculated on the second emerging 
leaf of 21-day-old plants. 
The seeds were planted on May 30, 1974. The first 
inoculations were made on June 10, 1974, and the second 
inoculations were made on June 20, 1974. The inoculum 
consisted of lg of infected pumpkin tissue ground in 10 ml 
of K9HP0^ containing 1% magnesium trisilicate and 2.5% 
celite. Mixed inoculum of CMV plus WMV 2 was obtained by 
grinding equal amounts of tissue, consisting of 0.5g each, 
in 10 ml of buffer. The inoculum was applied with cheese¬ 
cloth. 'Early Ramshorn* cowpea and 'Black Turtle' bean 
plants were inoculated before and after inoculation of the 
cucumber and squash plants as a check of the infectivity 
or possible contamination of the CMV and WMV 2 virus 
inocula, respectively. The cucumber fruit was harvested, 
counted and weighed separately for each treatment and 
replication every 3 or 4 days. The 'Blue Hubbard' squash 
was harvested, counted and weighed separately again for 
each treatment and replication, but only once, at the end 
of the experiment. 
RESULTS 
I. THE DISEASES 
The viruses that affect cucurbits in Massachusetts 
cause quite similar symptoms on them, but the symptoms 
induced by each virus exhibit certain differences on at least 
some cucurbit species or varieties, CMV, WMV, and SqMV cause 
dwarfing of the plant, mottling or interveinal chlorosis of 
leaves and discoloration and reduced size of the fruit. 
In winter squash, CMV causes either a chlorosis of 
leaves or a green and yellow mottle, dwarfing and discolora¬ 
tion of fruit in the form of off color lines and ring 
patterns, and usually a yellowing and occasional dying of 
vines, 
WMV causes interveinal chlorosis on winter squash, acorn 
squash, and pumpkin. Infected plants are not stunted by WMV 
as much as they are by CMV and the area between veins is 
usually a lighter green rather than the yellow caused by CMV, 
Leaves of WMV infected plants are sometimes blistered or 
filiform in appearance. WMV 2 causes yellow ring patterns 
on leaves of Cucurbita maxima late in the season. WMV 
infected winter squash plants produce dwarfed, distorted 
fruit with large surface warts but usually free of discolora¬ 
tion . 
CMV, WMV, and SqMV induce similar symptoms on yellow 
summer squash and on zucchini. Yellow summer squash plants 
infected with any of these viruses develop a green and yellow 
leaf mottle, interveinal chlorosis, blistering on the leaves 
and reduced interveinal areas resulting in filiform leaves. 
The plants have shortened intemodes and appear stunted. 
The fruit is usually dwarfed and its surface discolored with 
green lines and rings. Infected zucchini squash leaves are 
usually more filiform than leaves of other summer squash and 
exhibit a faint mottle but they rarely develop any fruit 
symptoms. Generally, all symptoms are more severe on yellow 
summer squash than on zucchini. 
CMV, WMV, and SqMV induce similar symptoms on cantaloupe. 
Infected cantaloupe plants are stunted and their leaves show 
a yellow and green mottle with occasional vein banding or 
interveinal chlorosis. Fruits on infected plants are 
dwarfed and show a light mottle. Generally symptoms on 
cantaloupe appear to be quite severe. 
CMV and WMV cause severe leaf and fruit mottle and severe 
stunting on susceptible cucumber varieties, but on resistant 
varieties they cause only a faint mottle which persists only 
in the new leaves. Stunting of resistant varieties is also 
slight. SqMV is not found on cucumbers. 
BYMV-s was found only on yellow summer squash on which it 
induces small chlorotic spots on the leaves. The spots 
become diffuse as the leaves become larger and older. Some¬ 
times the centers of the chlorotic spots become necrotic and 
fall out. Some plants had only a few yellow spots per leaf 
while others had many leaves with large diffuse yellow areas. 
No apparent stunting or fruit symptoms were observed. 
II. IDENTIFICATION AND SOME PROPERTIES OF VIRUSES 
ISOLATED FROM CUCURBIT CROPS IN MASSACHUSETTS 
A. Mechanical Inoculation 
The viruses obtained from cucurbit crops grown in 
Massachusetts were inoculated mechanically to a large number 
of plants in the greenhouse. The isolates that proved to be 
CMV produced typical chlorotic spots and systemic mosaic 
symptoms in C. pepo ’Small Sugar* 3 "to 6 days after inocula¬ 
tion. The chlorotic spots appeared first on the inoculated 
cotyledons and leaves 3 days after inoculation. About 6 days 
after inoculation the mosaic symptoms appeared on the new 
leaves. In tobacco, 'Samsun*, CMV produced a mottling in 
the new growth 10 to 14 days after inoculation. The symptoms 
then disappeared temporarily and reappeared about a month 
after inoculation. The virus reached its highest concentra¬ 
tion in inoculated tobacco leaves 7 to 10 days after inocula¬ 
tion. CMV produced necrotic local lesions on inoculated 
cowpea leaves 2 to 3 days after inoculation. The greatest 
number of local lesions were produced v/hen the CMV-infected 
tissue used as inoculum was ground in 1$ K^HPO^ containing 
magnesium trisilicate and 2.5$ celite. 
The isolates that proved to be WMV produced systemic 
mottle and interveinal chlorosis 6 to 8 days after inoculation 
Fig. 1. Healthy Cucurbita pepo yellow summer squash plant. 
J 
Fig. 2. Fully grown plant of Cucurbita pepo yellow summer 
squash having been inoculated with CMV 4 weeks 
earlier. 

Fig. 3. Cucurbita maxima 'Blue Hubbard' squash leaf showing 
interveinal chlorosis caused by WMV 2 infection. 
Fig. 4. 'Blue Hubbard' squash leaf showing chlorotic rings 
caused by WMV 2 infection. 
U8 
Fig. 5. 'Blue Hubbard' squash showing progressive stages 
of chlorosis and some necrosis on leaves and vines 
by natural infection with CMV and/or WMV 2, 
Fig. 6. C. pepo yellow summer squash showing chlorotic 
spots and large chlorotic areas caused by BYMV-s. 
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Fig. 7 
Fig. 8. 
. Top - Yellow summer squash fruit from a CMV- 
inoculated plant. 
Bottom - Healthy yellow summer squash fruit. 
'Blue Hubbard' squash fruit showing warts as a 
result of WMV 2 infection. 
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on C. pepo 'Small Sugar', WMV 1 produced more severe symptoms 
than WMV 2. Both resulted in production of filiform leaves 
showing varying degrees of blistering. Leaves infected with 
WMV 1 produced more blistering than leaves infected with 
WMV 2. The latter produced local lesions on Chenopodium 
amaranticolor 6 to 8 days after inoculation while WMV 1 did 
not, 
SqMV produced systemic mottle on Cucurbita pepo and 
Cucumis melo 5 to ? days after inoculation. The mottle varied 
from mild to severe. The leaves which were often filiform, 
also exhioited vein banding and blistering. 
BYMV-s was transmitted to 20$ of Phaseolus vulgaris 
'Black Turtle' plants when C. pepo, yellow summer squash 
was used as inoculum, while when bean tissue was used as 
inoculum on bean the percentage of infection was 90$. In 
'Black Turtle' bean a systemic mottle appeared 6 to 8 days 
after inoculation and was followed by terminal necrosis of 
the growing point and death of the plant. BYMV-s produced 
local lesions on inoculated leaves of P. vulgaris 'Red Kidney* 
3 to 4 days after inoculation and a systemic mottle 7 to 10 
days from inoculation. Inoculated plants become stunted but 
do not die, and therefore this variety can be used for 
propagation of BYMV-s. 
1. Dilution End Point 
The dilution end point of the Massachusetts CMV isolate 
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obtained from tobacco and pumpkin and diluted in 1% K2HP0^ 
-1 -4 
was between 10 J - 10 
2. Longevity in Vitro 
The longevity of the CMV isolate kept as crude sap or 
in a 1:10 dilution in distilled H^O at a room temperature of 
24° C was between 2 and 4 days. No local lesions were 
produced on cowpeas inoculated beyond the fourth day. 
3. Thermal Inactivation Point 
Heating of CMV-infected sap from tobacco for 10 minutes 
at 65° C did not inactivate the virus, but the virus was 
inactivated after heating for 10 minutes at 70° C. 
B. Host Range Studies 
The virus isolate obtained from •Butternut* squash was 
found to have a large host range. The kinds of hosts infected 
and the symptoms they produced when they were inoculated with 
that isolate tentatively identified the virus as an isolate 
of cucumber mosaic virus. This virus isolate infected 
species in the families Chenopodiaceae, Compositae, Cucurbit- 
aceae, Gramineae, Leguminosae, Solanaceae, Scrophulariaceae, 
and Umbelliferae while it did not infect any species in the 
family Cruciferae. The species inoculated and their reactions 
to this CMV isolate are shown in Table 1. Several species 
failed to produce symptoms but the virus was recovered from 
them by inoculation onto cowpea plants. 
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Fig. 9. Leaf of CMV-inoculated 'Small Sugar' pumpkin grown in 
the greenhouse and showing early symptoms of systemic 
chlorotic spots. 
Fig. 10. Left - Healthy leaf of (C. pepo) 'Small Sugar' 
pumpkin plant grown in the greenhouse. 
Right top - Leaf of CMV-inoculated 'Small Sugar* 
pumpkin plant grown in the greenhouse. 
Right bottom - Leaf of WMV 2-inoculated 'Small 
Sugar' pumpkin plant grown in the greenhouse. 
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Fig. 11. Left - Leaf of WMV 2-inoculated plant of (C. pepo) 
‘Zucchini Elite' grown in the greenhouse. 
Middle - Leaf of CMV-inoculated plant of 'Zucchini 
Elite' grown in the greenhouse. 
Right - Leaf of WMV 1-inoculated plant of 'Zucchini 
Elite' grown in the greenhouse. 
Fig. 12. 'Blue Hubbard* squash leaf inoculated with CMV when 
plants were 4 weeks old and showing chlorotic and 
necrotic areas. 
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Table 1. Host range studies and types of host reaction 
produced by an isolate of CMV. 
Recovery 
Species tested_ Symptoms_of CMV 
Chenopodiaceae 
'Early Wonder' - + 
Chenopodium amaranticolor LL 0 
C. quinoa LL 0 
Spinacia oleracea 
'Early Hybrid 30' - + 
Comnositae 
Helianthus annuus 
'Mammoth' LL, SM + 
Lactuca sativa 
'Great Lakes' - + 
'Burpee's Iceberg* - + 
'Dark Green Boston' - + 
Zinnia elegans 
'Giant Dahlia Flowered* SM + 
'Tom Thumb' SM + 
Cruciferae 
Brassica oleracea var. capitata 
'Coperhagen Market* - 0 
'Danish Roundhead' - 0 
'Earliana* - 0 
'Early Jersey Wakefield* - 0 
'Emerald Cross Hybrid' - 0 
'Marion Market* - 0 
'Premium Flat Dutch' - 0 
'Savoy King' - 0 
'Stein Early Dwarf Flat Dutch' - 0 
B. japonica 
'Southern Giant Curled' - 0 
B. oleracea var. acephala 
'Georgia' ^ - 0 
B. oleracea var, botrvtis 
'Early Snowball' - 0 
'Burpeana' - 0 
'Sprouting Broccilli- 
Calabrese Italian' - 0 
B. oleracea var. gemmifera 
'Long Island Improved' - 0 
B. oleracea var. gongylodes 
'White Vienna' - 0 
B. pekinensis 
'Michili' - 0 
'Burpee Hybrid' - 0 
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Table 1. Cont'd) 
Species tested Symptoms 
Recovery 
of CMV 
B. rapa . 
'Foliage * — 0 
’Purple Top White Globe' — 0 
Raphanus sativus 
’Burpee White' 0 
'Champion' — 0 
Cucurbitaceae 
Citrullus lanatus 
'Black Diamond Yellow Belly' LL, D or r 0 
'Charleston Gray' LLf D or r 0 
'New Hampshire Midget' LL, D or r 0 
'Sugar Baby* LL, D or r 0 
Cucumis sativus 
'Challenger' SM-r 
'Chicago Pickling' SM * 
'Crusader' SM-r *• 
'Gemini Hybrid' SM-r * 
'Improved National Pickling* SM-r + 
'Marketer' SM + 
'Marketmore SM-r ■* 
'Meridian' SM-r 
'Model' SM + 
'National Pickling' SM-r + 
•Ohio MR 17’ SM-r 
'Pioneer' SM-r ■* 
'Saticoy Hybrid* SM-r *• 
'Straight Eight' SM * 
'Tablegreen 65* SM-r 
'Triumph* SM-r ■M- 
'Victory* SM-r 
'Wisconsin SMR 18* SM-r •a 
'Wisconsin SMR 58' SM-r + 
C. melo 
’b5>3' SM * 
'Delicious 51' SM ■a 
'Eden Gem' SM * 
'Edisto' SM ■a 
'Harvest Queen' SM •a 
'Iroquois' SM ■a 
Cucurbita maxima 
'Blue Hubbard' SM or - * 
'Boston Marrow' SM -a 
'Buttercup * SM ■a 
'Colby Blue Hubbard' SM -a- 
'Gold Nugget' SM ■a 
'Golden Delicious' SM -a- 
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Table 1. (Cont'd) 
Species tested Symptoms 
Recovery 
of CMV 
'Sweet Meat' SM or - * 
'True Hubbard' SM •* 
C. moschata 
'Agway Butternut' SM * 
'Burpee Butternut' SM 
'Waltham Butternut' SM * 
C. pepo 
'Aristocrat' SM 
'Burpee Hybrid Zucchini' 
'Cinderella* 
SM 
SM * 
'Cocozelle' SM •* 
'Connecticut Field' SM •* 
'Dwarf Summer Crookneck' SM Mr 
'Early Prolific Straightneck' 
'Fordhook Zucchini' 
SM 
SM 
'Gold Bar' SM •K- 
'Golden Summer Crookneck' SM * 
'Golden Zucchini' SM 
'Seneca Butterbar' SM * 
'Seneca Prolific' SM Mr 
'Seneca Zucchini' SM 
'Spookie' SM 
'Small Sugar' SM + 
'Tablequeen Ebony Strain* SM -M- 
'Tablequeen Bush' SM * 
'Youngs Beauty' SM # 
'Zucchini Black' SM Mr 
'Zucchini Elite* SM Mr 
'Zucchini Hybrid' SM 
Lagenaria sp. 
'Agway mixed Gourds' SM + 
Luffa acutangula SM + 
Grammeae 
Zea mays 
'Butter and Sugar* SM + 
'Early Golden Giant' 
'Goldcup * 
'Golden Cross Bantam' 
SM + 
SM 
SM 
'North Star' SM + 
'Seneca Chief SM 
Leguminosae 
Phaseolus olimensis 
'Burpee's Fordhook' - 0 
Table 1. (Cont'd) 
_ . ^ Recovery 
Species tested___Symptoms_of CMV 
P. lunatus 
’Baby Fordhook* SM + 
’Henderson Bush' SM + 
'Thorogreen Bush' SM + 
P. vulgaris 
'Black Turtle Soup' LL 0 
'Bountiful' LL 0 
'Contender' LL 0 
'French-Horticultural* LL 0 
'Harvester' LL 0 
'Kentucky Wonder' LL 0 
'Pencil Pod Wax' LL 0 
'Pinto Bean' LL 0 
'Red Kidney' LL 0 
'Scotia' LL 0 
'Sure-crop Wax' LL 0 
'Topcrop' LL 0 
'Tendercrop• LL 0 
Pisum sativum 
'Blue Bantam' LL 0 
'Bonneville' LL 0 
'Mars' LL 0 
'Nugget* LL 0 
'Ranger' LL 0 
'Venus' LL 0 
Vicia faba 
*96 Broad Improved Long Pod' LL 0 
Vigna sinensis 
'Early Ramshorn' LL 0 
>lanaceae 
Capsicum frutescens 
'Burpee's Fordhook' 
'Tabasco' 
SM + 
SM + 
'Yolo Wonder' SM + 
Lycopersicum esculentum 
'Bonny Best' SM + 
'Marglobe' SM + 
'Rutgers * SM + 
'Valiant' SM 
Nicotiana glutinosa SM + 
N. rustica var. 'Pricilla* SM + 
N. sylvestris SM 
N. tabacum 
'Bel-4-108 T48 * SM + 
'Bright Yellow' SM + 
'Samsun' SM 
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Table 1. (Cont'd) 
Species tested Symptoms 
Recovery 
of CMV 
'Samsun NN' SM + 
'Turkish• SM + 
Petunia hybrida 
'Coral Satin' SM + 
Solanum melongena 
'Agway Super Hybrid' SM + 
Scrophulariaceae 
Antirrhinum ma.ius SM + 
Umbelliferae 
Coriandrum sativum + 
Daucus carota 
'Danvers 126* - + 
- = No symptoms produced; 0 = CMV not recovered; 
+ = CMV recovered; * = Not tested for presence of CMV; 
SM = Systemic mottle; LL = local lesion; r = Recovery 
from initial symptoms; D = Death of plant 
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C. Purification and Electron Microscopy 
The ultraviolet absorption readings of the final super¬ 
natant containing the purified virus gave a 260/280 ratio 
of 1.66 which agrees well with the figure of I.65 given for 
purified CMV in the literature. Rate zonal sucrose density 
gradient centrifugation concentrated the virus in a band. 
When the gradients were passed through an ultraviolet light 
monitor set at 25^ mu and fractionated, two peaks were 
obtained. The larger peak corresponded to the heaviest 
component and the smaller peak to the lighter component. 
A sample of purified CMV obtained from tobacco was viewed 
under the electron microscope. As can be seen in Fig. 13, 
the virus is a polyhedral particle about 28 nm in diameter. 
III. DETERMINATION OF VIRUSES OCCURRING NATURALLY 
IN CUCURBIT FIELDS IN MASSACHUSETTS 
A. Identification of Viruses in Single Infections 
The leaf and fruit samples showing symptoms were 
inoculated onto a series of differential hosts used for the 
diagnosis of cucurbit viruses. The virus present in each 
sample was identified by the characteristic symptoms it 
produced on the diagnostic hosts (Table 2). 
Samples containing CMV produced chlorotic spots and 
mottling 3 to 4 days after inoculation on newly emerging 
leaves of Cucurbita pepo pumpkin ’Small Sugar'. The plant 
later developed a severe mottling and stunting. On Cucumis 
sativus 'Marketer*, chlorotic spots formed on inoculated 
A5 
Fig. 13. Electron micrograph of purified cucumber mosaic 
virus. 
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cotyledons 4 to 5 days after inoculation. This was soon 
followed by a moderate mottle and severe stunting. In 
Citrullus lanatus ’Charleston Grey' chlorotic or necrotic 
spots appeared on inoculated cotyledons 3 to 5 days after 
inoculation. A faint mottle and slight stunting occurred 
6 to 7 days after inoculation, followed by recovery. Some¬ 
times the watermelon plant did not recover and was killed. 
Small reddish-brown local lesions appeared on inoculated 
primary leaves of Vigna sinensis 'Early Ramshom' 2 to 3 
days after inoculation. CMV produced either small pinpoint 
black local lesions or large diffuse brown local lesions on 
primary leaves of Phaseolus vulgaris 'Black Turtle*. In 
Pisum sativum 'Nugget'and 'Mars', black local necrotic 
lesions formed on inoculated leaves which became water 
soaked and eventually spread and killed the whole leaf. 
Occasionally the entire plant died, but generally the plants 
recovered. In Phaseolus lunatus 'Henderson Bush', CMV 
formed local lesions on inoculated leaves followed by epi- 
nasty and reddening of the veins of inoculated leaves. This 
was followed by severe mottling, necrosis and stunting of 
the plant. Chlorotic local lesions formed on Chenopodium 
amaranticolor leaves 2 to 3 days after inoculation. Later 
the lesions developed a red border and necrotic center. A 
systemic mottle appeared on Nicotiana tabacum leaves 10 to 
12 days after inoculation. The plant then recovered from 
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the symptoms but the systemic mottle reappeared about a month 
after inoculation. 
Samples containing SqMV produced a mild to moderate 
mottle on 'Small Sugar' pumpkin and on 'Marketer' cucumber 
with occasional veinbanding and filiform appearance of the 
leaves. The plants became moderately stunted. The SqMV 
isolates collected in this survey did not infect watermelon. 
SqMV did not infect diagnostic hosts outside the Cucurbitaceae. 
Samples containing WMV 1 produced a mild systemic mottle 
in 'Small Sugar' pumpkin 7 to 9 days after inoculation. This 
was followed by a more severe mottle and the plants were 
moderately stunted. Similar symptoms were produced in 
cucumber. In watermelon a systemic mottle appeared about 14 
to 16 days after inoculation. WMV 1 did not cause symptoms 
on the other species. 
Samples containing WMV 2 produced a mild systemic mottle 
in 'Small Sugar' pumpkin 7 to 9 days after inoculation. The 
leaves developed an interveinal chlorosis and became fili¬ 
form. Symptoms ranged from mild to moderate. WMV 2 symptoms 
on cucurbits were milder than those caused by WMV 1. In 
cucumber, WMV 2 produced a very mild mottle 7 to 9 days after 
inoculation which at times was barely distinguishable. On 
watermelon, WMV 2 produced symptoms similar to those produced 
by WMV 1. WMV 2 produced a mild yellow-green mottle on 
Phaseolus vulgaris 'Black Turtle' 7 to 9 days after inoculation. 
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In Pisum sativum 'Nugget', WMV 2 produced a faint to moderate 
green-yellow mottle 10 to 14 days after inoculation. On 
Chenopodium amaranticolor cream colored local lesions were 
produced 4 to 6 days after inoculation. WMV 2 did not infect 
the other species. 
Samples containing BYMV-s produced systemic chlorotic 
spots on newly growing leaves of Cucurbita pepo 'Small Sugar' 
5 to 7 days after inoculation. A few systemic chlorotic 
spots were produced on 'Marketer' cucumber and local lesions 
on 'Charleston Grey' watermelon. Phaseolus vulgaris 'Black 
Turtle' is especially sensitive to BYMV and produced severe 
symptoms in response to BYMV-s. Black local lesions were 
formed on the inoculated leaf 3 to 4 days after inoculation, 
followed by epinasty and mottling of inoculated leaves. 
Necrosis of the growing points occurred 2 weeks after inocu¬ 
lation. Similar symptoms occurred in Pisum sativum 'Nugget' 
on which it caused local lesions, severe mottle, necrosis 
and death of the plant. Local lesions were produced on 
Chenopodium amaranticolor and Nicotiana tabacum. There was 
usually poor transmission of BYMV-s from yellow summer 
squash to the diagnostic hosts. Several plants of 
P. vulgaris 'Black Turtle', however, became infected and 
could then be used for reinoculation to the diagnostic hosts. 
B. Identification of Viruses in Mixed Infections 
CMV symptoms on Cucurbita pepo and Cucumis sativus mask 
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the symptoms of SqMV, WMV 1, WMV 2 and BYMV-s. When the 
presence of SqMV was suspected in mixtures, it was separated 
from the other viruses by use of the greater dilution end 
point or longer longevity in vitro of SqMV compared to the 
other viruses. Although the local lesion reaction of 
Chenopodium amaranticolor distinguished WMV 2 from WMV 1, 
the systemic infection of 'Nugget' pea and a selection of 
'Black Turtle' bean by WMV 2 were more useful differentials 
because the virus (WMV 2) could be propagated from them. 
WMV 1 was readily distinguished from WMV 2 by the more 
severe symptoms WMV 1 incited in 'Small Sugar' pumpkin and 
in 'Marketer' cucumber, WMV 1 symptoms are dominant over 
and mask the WMV 2 symptoms. The one isolate of WMV 1 
found in Massachusetts could be separated from a mixture 
with WMV 2 by inoculation to Luffa acutangula. WMV 1 formed 
a mild mottle in L. acutangula and was separated from WMV 2 
i 
which did not infect that host. This isolate of WMV 1 also 
induced local lesions on Cucumis melo 'B63-3', 'Black 
Turtle' bean was useful in separating CMV, which usually 
induces local lesions on that host, from WMV 2, which causes 
a systemic mottle on the same host. 'Nugget* pea, suscepti¬ 
ble to WMV 2, and 'Mars' pea, resistant to WMV 2, were useful 
differentials of the two viruses since CMV infected both 
cultivars. When cucurbit plants were infected with a combi¬ 
nation of WMV 1 and CMV, WMV 1 could be recovered from growing 
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tips of systemically infected 'Charleston Gray* watermelon 
and CMV from 'Henderson Bush' lima bean or 'Samsun' tobacco. 
The usefulness of pea cultivars 'Nugget* and 'Mars' and 
watermelon 'Charleston Gray' for distinguishing WMV 1, WMV 2, 
and CMV in mixed infections was lessened by the fact that CMV 
occasionally killed pea and watermelon plants before symptoms 
of other viruses could be detected. For this reason 'Black 
Turtle' bean was a more useful and reliable host for distin¬ 
guishing CMV and WMV 2 when present in mixtures. 
BYMV-s was not detected in mixtures with other cucurbit 
viruses. It can be identified by its symptoms on 'Black 
Turtle' bean and by subsequent inoculation from 'Black Turtle' 
to 'Red Kidney' bean. 
C. Time of Appearance and Rate of Spread of Viruses 
in Cucurbit Crops in Massachusetts 
When individual fields planted with certain cucurbit 
varieties were studied to determine the kinds of viruses 
present, the date and sequence of their appearance and their 
rate of spread, a difference in the kinds and incidence of 
viruses found was apparent and it depended on the variety of 
cucurbit cultivated in each field (Table 3)» 
Field 1 consisted of 5 acres of yellow summer squash 
'Seneca Prolific' and zucchini 'Senator* and 'Elite'. The 
squash was planted in early May and began to bear fruit the 
second half of June. No virus symptoms were observed on 
June 21. A month later (July 21) virus symptoms were absent 
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Table 2. Reactions of certain diagnostic host3 to viruses 
in infecting cucurbit crops in Massachusetts 
Host 
Viruses 
CMV SqMV 7/MV 1 7/MV 2 BYMV-s 
Cucurbita pepo 
Pumpkin 
•Small Sugar* 
LL.SM-s 
Gt-3 
SM-3 
S t-mo 
SM-3 
S t-mo 
SM-mo 
S t-mo 
LL ,SC 
Cucumis sativus 
*Marketer* 
LL fSK-mo 
St-2 
SM-m 
3t-mo 
SM-s 
3 t-mo 
SM-m 
St-m 
SC 
Citrullus lanatus 
•Charleston 
Gray* 
LL,SM-m 
r,St-m,r 
o,+ SM-3 SM-s LL 
Phaseolus vulgaris 
'Llack Turtle' 
LL,+ 0 0 SM-mo LL.SM-s 
SN-3 
St-s 
Pisum sativum 
•Nugget* 
LL,SN-s, 
r 
0 0 SM-mo LL,SM-s 
SN-s 
Pisum sativum 
'Mars' 
LL,SN-s, 
r 
0 0 0 0 
Phaeeolus lanatus 
•Henderson Bush* 
LLfSM-s 
ST-s 
0 0 0 0 
Chenopodium 
amaranticolor 
LL 0 0 LL LL 
N: cot; ana tabacurn 
'3amsun* 
S.r.-m 0 0 0 LL 
LL - local lesionj 3 - systemic* M - mottle; N - necrosis; 
C - chlorotic spots; Zt - stunting; m - mild; mo - moderate; 
s - severe; 0 - no infection; r - recovery from initial 
symptoms; + - some reported occasional isolates arc able to 
incite a systemic infection 
on zucchini but 24y<> of the yellow summer squash plants showed 
symptoms typical of BYMV-s. Four plants in a 1.5 m radius 
were infected with SqMV. At the end of July the harvesting 
of squash and zucchini fruit had been completed and the field 
was plowed under. 
Field 2 consisted of 8 acres of 'Blue Hubbard' squash. 
The squash had been planted June 8. On July 15, no virus 
symptoms were apparent. On August 1, 2 plants near the edge 
of the field showed faint symptoms of V/MV 2 in the new leaves. 
The incidence of the virus increased rapidly during 
August and on September 1, 43$ of the plants were showing 
symptoms of V/MV 2. Only WMV 2 was isolated from this field. 
The vines showed typical V/MV 2 symptoms, some yellow cupping 
of leaves and death of vines. Some fruit was distorted and 
small in size. The virus appeared on plants near the edge 
of the field first, but by August 12 virus-infected plants 
were found throughout the field. 
Field 3 consisted of 25 acres of 'Blue Hubbard' squash 
planted June 9. No virus symptoms were present on July 21, 
but on August 4, 10$ of the plants were shov/ing mosaic 
symptoms caused by V/MV 2 and consisting mostly of interveinal 
chlorosis of new leaves. After that date the incidence of 
virus-infected plants increased dramatically: to 35$ °n 
August 13, to 68$ on August 20, and to 98$ on September 1. 
The symptoms of plants progressed from mild to severe. On 
August 11, some vines appeared to have yellow, cupped leaves. 
Also at this time CMV was first isolated. This v/as the only 
field of ’Blue Hubbard* squash from which CMV v/as isolated 
and the only field in which vines with yellow cupped leaves 
were seen in large numbers. So affected vines later died, 
v/hile the rest of the plant, although showing a mottle, v/as 
still alive. A large number of plants with dead vines v/ere 
present in the field. The WMV 2 symptoms progressed as a 
faint interveinal green mottle on the newer leaves of vines 
until the entire plant was mottled. Sections of the field 
appeared to be more heavily infected earlier than the rest 
of the field than did later infection. On August 20, some 
plants v/ere showing a severe mottling v/hile others still 
showed only a mild mottling. By this time some fruit v/as 
beginning to produce warts and become distorted. There v/as 
a no change in color of fruit. On September 1, almost all 
plants v/ere infected. Many plants v/ere showing severe mottl¬ 
ing of leaves and chlorotic and dead vines and there were a 
large number of distorted and dwarfed fruit. Early infection 
of 'Blue Hubbard' squash with WMV 2 appeared to have a 
greater effect in reducing the number and size of the fruit 
than did later infection. A number of smaller fruits 
appeared to be infected by soft rotting fungi. By September 
17, dead vines as long as 8 ft. were present. The vines 
also shov/ed formation of chlorotic-looking rosettes at the 
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leaf axils. A! the opposite end of the field there were 
only a few yellow or dead vines and the plants appeared to 
be larger than in the previous section. Most fruit in the 
field were smaller than normal. The fruit usually had normal 
color but were heavily warted and distorted. The reduced 
yield in the field was obvious. The farmer, who at the 
beginning of the season estimated a yield of 250 tons, 
harvested only about 100 tons. The yield loss was probably 
a combination of growing conditions and the infection by the 
virus. This field of winter squash was the most severely 
infected with viruses of all the fields studied in the 
survey. 
Field 4 consisted of 3 acres of ’Butternut* squash. On 
June 26 no mosaic symptoms were found in the field. Some of 
the milkweed plants growing in the squash field showed elon¬ 
gated leaves and faint mottle. Each of five milkweed plants 
sampled contained CMV. On July 29, a few squash plants 
showed mottling and were found to contain CMV. By September 
1, only trace amounts of mosaic symptoms were present and 
the squash fruit were being harvested. Most infected plants 
were found near the milkweed plants. The virus symptoms on 
'Butternut' squash consisted of yellow-green mottle in new 
leaves and stunted vines. The yield of squash did not appear 
to be affected. 
76 
Field 5 consisted of a mixed planting of 'Acorn' and 
Butternut' squash. On July 15 and August 1, no virus- 
infected plants could be found. On August 13, a few virus- 
infected 'Acorn' and 'Butternut* squash were found along 
the edge of the field. There were 2 areas in which virus- 
infected squash plants were found in a 3-4 rn radius around 
milkweed plants growing in the center of the field. CMV 
was isolated from both cucurbits and milkweed. Melons 
growing in a field next to the squash field showed lOOfo 
incidence of mosaic symptoms caused by CMV. By September 1, 
only trace amounts of mosaic symptoms appeared in the 'Acorn' 
and 'Butternut' squash field. In an adjacent field, 15-20 m 
from the previous one, 'Blue Hubbard' squash was grown and, 
by August 20, 40% of the plants were infected with WMV 2. 
Field 6 consisted of 12 acres of cucurbits including 
summer squash, 'Acorn' and 'Buttercup' squash, winter squash, 
'Sugar Pie' pumpkin and melons. Of these, the areas planted 
to 'Sugar Pie' pumpkin and 'Buttercup' and 'Acorn' squash 
were kept under observation. The field p].anted to 'Sugar Pie' 
pumpkin was surveyed on June 29. Only 2 plants in the same 
hill showed mosaic symptoms caused by squash mosaic virus. 
No other virus-infected plants were observed until July 30 
when a few plants along the border showed a mild mottle and 
interveinal chlorosis caused by WMV 2. By August 11, however, 
a sudden increase in plants with mosaic symptoms occurred 
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throughout the field so that 73%> of the plants appeared 
diseased. By August 29, Q6% of the plants showed virus 
symptoms on the leaves but no fruit symptoms were present. 
The only virus isolated was WMV 2. The symptoms varied from 
a yellowish leaf mottle and puckering to interveinal chloro¬ 
sis resulting in green vein banding. Some plants also showed 
chlorotic spotting. A large number of aphids were observed 
on the plants. There seemed to be no noticeable reduction 
in yield. 
The area in which ’Buttercup* squash was grown .bordered 
with the pumpkin field. On August 11, 5% of the plants showed 
mosaic symptoms caused by WMV 2. The number of diseased 
plants increased slowly so that by August 29 15% showed virus 
symptoms. The symptoms on 'Buttercup* squash were mild and 
consisted of interveinal chlorosis first of new leaves and 
later by leaves over the entire plant. No fruit symptoms or 
reduction in yield were observed. 
The 7-acre area of 'Acorn* squash had a border of 2 rows 
of 'Butternut' squash. No mosaic symptoms were present in 
the field on July 11. A few plants with mosaic symptoms were 
found on July 31» Most infected plants were along the border, 
especially near barns surrounded by weeds and other weed- 
infested areas. The symptoms on 'Acorn' squash consisted ol 
yellowing and cupping of the leaves. 'Butternut* squash 
showed a green and yellow mottle of leaves and plant stunting. 
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CMV was the only virus found in the field. By August 29, 
still only a few plants appeared infected with a virus but 
by this time some of them were infected v/ith WMV 2 rather 
than CMV. Again most plants with symptoms were along the 
edges of the field or around milkweed plants. As the 
infection progressed in the vines of 'Acorn* and 'Butternut' 
squash, some died. Some 'Acorn' squash also developed 
interveinal chlorosis in the later part of the season. 
The other varieties of cucurbits growing in the same 
field showed differences in disease incidence. On July 30, 
yellow summer squash showed trace amounts of WMV 2. By 
August 12, 100^ of the plants showed infection by V/MV 2. 
Growing alongside the yellow summer squash, zucchini showed 
only 25% disease incidence on August 12. Melons and 
C. maxima 'More Gold* showed trace amounts of mosaic symptoms. 
D. Occurrence and Relative Prevalence of Viruses in 
Cucurbit Crops in Massachusetts 
Watermelon Mosaic Virus 2 (V/MV 2) was the virus found 
most frequently in the fields, while CMV was second in 
frequency, BYMV-s third, plants infected doubly with WMV 2 
and CMV fourth, SqMV fifth, and WMV 1 last (Table ^). WMV 2 
was the most prevalent virus on yellow and other summer 
squash, zucchini squash, pumpkin, 'Blue Hubbard' and other 
winter squash, and on cantaloupe. CMV was most prevalent on 
'Acorn' and 'Butternut' squash. Cantaloupe seemed to be 
about equally infected with WMV 2, CMV, and SqMV. SqMV was 
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found more often in yellow summer squash than in other 
varieties. BYMV-s was found in yellow summer squash only. 
Cucumber appeared to be infected with equal frequency by CMV 
and WMV 2. The frequency of double infections with WMV 2 
and CMV seems small and approximately the same on all varie¬ 
ties, although it was somewhat higher in ’Butternut' and 
'Acorn' squash. 
The incidence of plants showing mosaic symptoms differed 
with the varieties and the location (Tables 3 and 4). The 
incidence of virus symptoms in yellow summer squash at the 
final survey made of each location varied from 0$ to 100$ 
and WMV 2 was the virus present most frequently. The inci¬ 
dence of virus symptoms varied somewhat from location to 
location but, if virus symptoms were found at all, yellow 
summer squash appeared to always be infected. Infected 
summer squash produces small yellow fruit with green spots, 
lines or rings, which make it unmarketable. By the time 
virus incidence reaches its peak between August 15 and 
September 1, most yellow summer squash has already been 
harvested and the plants are no longer needed. In 3 loca¬ 
tions, however, where second plantings of yellow summer 
squash were made and the plants were only 4 to 6 weeks old 
when virus incidence was at its peak, the plants failed to 
produce any marketable fruit. Such plantings were a total 
loss. Generally, high incidence of virus on late plantings 
of yellow summer squash appears to reduce yields drastically. 
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Virus infection of zucchini squash varied from 0$ to 25$ 
by the date of the final survey of each location. By then 
most zucchini squash had been harvested. The highest 
incidence of infection on the second planting of zucchini was 
73$ and this appeared to be a unique situation. Zucchini 
appeared to be considerably more tolerant to virus infection 
than yellow summer squash and the effect of the viruses on 
yield was relatively small. 
Only in one location pumpkin had more than trace amounts 
of plants showing mosaic symptoms. In that location 86$ of 
the plants were infected, most of them with WMV 2. The virus 
did not appear to produce any fruit symptoms. 
‘Blue Hubbard' squash appears to be frequently infected 
with WMV 2, the incidence of infection varying from trace 
amounts to 98$* In heavy infections the virus appears to 
drastically reduce yields by causing a reduction in the 
number and size of fruits and by making them distorted. 
Virus symptoms were observed in every 'Blue Hubbard' field 
surveyed. The squash varieties 'Buttercup', 'Moregold', and 
others belonging to Cucurbita maxima showed a rather small 
incidence of WMV 2 symptoms, varying from trace to 15$ in 
one field of 'Buttercup'. In only one field of 'Blue Hubbard' 
squash was CMV recovered from infected plants, and this was 
the only time CMV was found on C. maxima. 
In all the fields of C. pepo 'Acorn' and C. moshata 
'Butternut' squash surveyed for virus, the virus incidence 
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was very low varying from 0 to trace amounts. In the few 
infected plants CMV seemed to be present more frequently 
than WMV 2. In most cases virus symptoms were present only 
along the edge of the fields or next to milkweeds, ’Butter¬ 
nut1 and 'Acorn* squash seemed to be affected only slightly 
by cucurbit viruses even when growing next to infected annual 
and perennial hosts. 
Most cantaloupe fields surveyed were heavily infected 
with cucurbit viruses, in most fields the incidence of mosaic 
symptoms being as high as 100$. Even when no virus'was 
present in fields of the other cucurbits, in most cases virus 
symptoms could be found in fields of cantaloupes. 
At least 20 acres of cucumbers were surveyed and in only 
a few cases virus symptoms were observed. In fields where 
such symptoms were found, the number of infected plants was 
very small and the symptoms very mild. The symptoms were 
caused by CMV or/and WMV 2, but in all cases they were very 
mild and hard to detect. These viruses seem to have very 
little effect on the yields of cucumber varieties presently 
planted in Massachusetts. 
BYMV-s was found to produce symptoms only on yellow 
summer squash. The incidence of BYMV-s infections ranged 
from 0$ to 24$. Later in the season, when the plants are 
also infected by WMV 2 and CMV, the symptoms caused by BYMV-s 
infections seem to have no economical effect on the plant 
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since they cause neither fruit symptoms nor stunting of the 
plant. Symptoms appear on the newer leaves as small chlorotic 
spots which later diffuse and coalesce. Some of the spots 
become necrotic and the center falls out. Some plants had 
leaves with only a few chlorotic spots while other plants 
had leaves covered with diffused spots. 
WMV 1 was found only once, on 'Butternut* squash. This 
virus does not seem to be important on cucurbits in Massachu- 
sets. Symptoms of WMV 1 on 'Butternut' squash are similar 
to those caused by WMV 2. 
E. Incidence of Cucurbit Viruses in 
Various Localities in Massachusetts 
Eight of the fourteen counties of the state were surveyed 
to determine the kind and prevalence of each virus in the 
cucurbit crops in the state (Tables 5 and 6; Fig. 14). Berk¬ 
shire, Bristol, Hampden, Norfolk, and Plymouth counties were 
surveyed only briefly, but WMV 2 appeared to be the virus pre¬ 
dominant in these counties. On the first visit to Norfolk, 
Plymouth, and Bristol counties on July 17, 1973, only trace 
amounts of SqMV and BYMV-s were found on yellow summer squash. 
The second survey in the same counties was made on August 28. 
In Avon (Norfolk County), trace amounts of virus symptoms 
were found on pumpkin, but no symptoms were found on the 
first planting of zucchini, C. pepo 'Lebanonese' squash, and 
yellow summer squash. 73^ of the plants of the second plant¬ 
ing of yellow summer squash, which were about 6 weeks old at 
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the time, were infected with WMV 2. Most of the new fruit 
was small and discolored. Zucchini plants of the same age, 
planted next to the yellow summer squash, showed only trace 
amounts of symptoms caused by WMV 2. A field in Berkley 
(Bristol County) showed no mosaic symptoms on yellow summer 
squash, zucchini, and ‘Butternut* squash on either July 17 
or August 28. In West Bridgewater (Plymouth County) trace 
amounts of SqMV were found in yellow summer squash and none 
in zucchini, pumpkin, ‘Acorn* or ‘Butternut* squash on July 
17. By August 28, the first planting of yellow summer squash 
and zucchini had been plowed under, but in the second plant¬ 
ing 73% of the zucchini and 60$ of the yellow summer squash 
plants were showing virus symptoms. The zucchini plants had 
been planted 2 weeks earlier than the yellow summer squash 
and had therefore been exposed to virus infection longer than 
the latter. Fields of pumpkin and 'Acorn' squash planted in 
a different area of the same county showed trace amounts of 
mosaic symptoms caused by WMV 2 but none were found on 
'Butternut' squash. 
Cucurbit fields in Worcester County were surveyed for 
virus symptoms on July 12, when only trace amounts of BYMV-s 
were found on yellow summer squash, and on September 7, when 
only 2 of 7 fields of yellow summer squash showed virus 
symptoms, one with incidence of 20$ and the other with 100$ 
of the plants infected with WMV 2 and/or CMV. Other cucurbits 
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showed no virus infection or only trace amounts of infection 
with WMV 2 (Table 6). In one field in Newton, 100$ of the 
first planting of yellow summer squash was infected with 
WMV 2, while only trace amounts of mosaic were present in 
•Buttercup', 'Butternut', and 'Blue Hubbard' squash and in 
pumpkin. In Westborough, the first planting of yellow summer 
squash showed trace amounts of WMV 2, while the second 
planting showed 20$ incidence of WMV 2 and CMV. The second 
planting of zucchini had only occasional plants infected with 
CMV. No symptoms were observed on melon and 'Butternut' 
squash. In 5 fields planted with yellow summer squash, 
'Acorn', 'Buttercup', and zucchini squash, cantaloupe and 
pumpkin, no virus symptoms were present, v/hile 2 fields 
showed trace amounts of BYMV-s infection on yellow summer 
squash. 
Berkshire County was surveyed on September 5. In one 
field, 20$ of the yellow summer squash plants and 50$ of the 
melon v/ere infected with WMV 2. Zucchini, pumpkin, 'Butter¬ 
nut' and 'Acorn' squash were free of virus symptoms. In the 
same area other fields of yellow summer squash, cantaloupe, 
zucchini and watermelon were also free of virus symptoms. 
Fields in Hampden, Hampshire and Franklin Counties 
showed similar patterns of incidence and prevalence of 
viruses in cucurbits as those mentioned before. In a fev* 
isolated cases fields were free of virus symptoms. The 
predominant virus in most fields was WMV 2. Cucurbit fields 
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in Hampshire County showed a greater frequency of CMV 
isolates than did fields in the other counties. 
F• Time of Appearance of Viruses in Fields 
ol Cucurbit Crops in Massachusetts 
SqMV was the first virus to be found in fields of 
cucurbits. This appeared in late June and early July. 
BYMV-s first appeared around the middle of July. WMV 2 and 
CMV did not begin to appear, except in a few scattered 
cases, until about August 1. These 2 viruses in some cases 
reached an incidence of lOOfo by September 1. 
G. Isolation of Viruses from Perennial Weed and 
Cultivated Plants in or Near Cucurbit Fields 
As can be seen in Table 7» CMV was found in a few weed 
hosts that were growing in or around cucurbit fields. In 
one of the fields observed regularly, CMV was isolated from 
an infected Phytolacca americana plant growing in the squash 
field. 4- samples of Daucus carota 'Queen Anne's Lace', 4 
samples of Chlcorium intybus (chicory), 25 samples of 
Trifolium spp. (clover) and 12 samples of Medicago sativa 
(alfalfa) were tested for cucurbit virus. All results were 
negative. Alfalfa mosaic virus (AMV) and BYMV were both 
found in . clover while AMV was also found in alfalfa. 8 sam¬ 
ples of Asclepias syrlaca (common milkweed) from 2 locations 
were found to be infected with CMV. 8 samples of milkweed 
from 3 other locations were virus-free. CMV was also 
isolated from a sample of Gladiolus spp, 6 samples of 
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Plantapo spp. (plantain) from 2 locations not near cucurbit 
fields seemed to be free of cucurbit viruses. 
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EFFECT OF CMV INOCULATION ON SYMPTOMS AND YIELDS 
OF VARIOUS CUCURBIT CROPS “--- 
A* Reaction of Various Cucurbits to Infection by CMV 
1» Yellow Summer Squash and Zucchini Squash 
In varieties of yellow summer squash and zucchini, 
symptoms began to appear 11 days after the first inoculation. 
Symptoms on both types of summer squash consisted of 
chlorotic spots on inoculated and newly emerging leaves 
followed by a mild to moderate mottle and leaf deformity. 
All plants of yellow summer squash and zucchini were showing 
symptoms by the 22nd day after inoculation. At this time 
mottling, stunting and leaf deformity were moderate to 
severe. Yellow summer squash in most cases developed severe 
yellow-green mottle with severe stunting and leaf deformity. 
The yellow summer squash varieties 'Dwarf Summer Crookneck' 
and 'Golden Summer Crookneck' were the least affected by the 
virus in regard to severity of foliage symptoms, fruit 
production and fruit symptoms. All yellow summer squash 
varieties produced fruit that had green spots or lines and 
was dwarfed. 
Zucchini seemed to be less affected by the virus 
infection than was yellow summer squash. Symptoms on 
zucchini squash varied from a mild to severe mottle, a 
moderate mottle being the most common symptom and consisting 
of different shades of green. The leaves were often fili¬ 
form or thread-like. 'Burpee's Golden Zucchini' produced 
99 
foliar symptoms similar to those of the other zucchini 
varieties but most of its yellow fruit showed green spots 
and mottling. Occasionally zucchini fruit showed symptoms 
consisting of green circles and slight deformity. The 
variety 'Zucchini Black' showed the mildest foliar symptoms 
of the zucchini varieties. 
The uninoculated yellow summer squash and zucchini 
squash began to show mosaic symptoms from natural infection 
on August 8, 47 days after CMV inoculation of the adjacent 
treated plots. By August 22, all uninoculated summer squash 
showed mosaic symptoms similar in appearance to those of the 
inoculated plots. 45$ of summer squash died from a combina¬ 
tion of viral infection and stem rots. Virus-infected 
plants seemed to be more frequently and more severely affected 
by the stem rot condition than were uninoculated plants. 
2. Slicing and Pickling Cucumbers 
All varieties of slicing and pickling cucumbers showed 
a mild mottle by July 2, 10 days after inoculation with CMV. 
Cucumber varieties sold as resistant to CMV appeared to have 
recovered from the CMV infection by July 8 or July 14, 
Slicing cucumber varieties that recovered included 'Market- 
more 70', 'Challenger', 'Tablegreen 65', 'Gemini Hybrid', 
'Meridian', 'Victory', 'Saticoy Hybrid', and 'Triumph'. 
The varieties 'Straight Eight' and 'Marketer* showed a 
moderate mottle and stunting of the plant. Varieties of 
. 
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pickling cucumber, even those sold as resistant to CMV, 
exhibited very mild symptoms in leaves. The varieties 
'Wisconsin SMR 58', 'Wisconsin SMR 18', 'Pioneer', and 
'Crusader' showed recovery from symptoms but a very mild 
mottle could be seen in the new leaves. The varieties 
'Model', 'Ohio MR 17'. 'National Pickling', 'Improved 
National Pickling*, and 'Chicago Pickling* showed a definite 
mild mottle during the entire growth season. There were 
no visible fruit symptoms in any of the cucumber varieties. 
Uninoculated plants of slicing and pickling cucumber varie¬ 
ties began to show similar mild symptoms on August 8. 
3. Pumpkin 
Symptoms began to appear on pumpkin varieties on July 
2, 10 days after inoculation with CMV. Initial symptoms on 
the varieties 'Small Sugar', 'Young's Beauty', 'Connecticut 
Field', and 'Spookie' consisted of chlorotic spots on 
inoculated and new leaves and, later, of a yellow-green 
mottle. The plants then became severely mottled and 
stunted and produced fruit that was obviously smaller but 
without any observable symptoms. The bush-type pumpkin 
'Cinderella' developed only mild foliar symptoms during the 
experiment. Symptoms appeared on the uninoculated pumpkins 
on August 8, and were similar to the symptoms of the 
inoculated plants. 
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'Acorn1 Squash 
Cucurbita pepo 'Acorn* squash varieties showed symptoms 
on July 2, The symptoms began as a moderate green-yellow to 
yellow mottle and mild stunting of the plant. Later, both 
the mottling and the stunting of the plant became severe. 
Fruit symptoms were either absent or consisted of ring 
patterns on the surface of the fruit. Uninoculated plants 
became infected by August 8, and their symptoms were similar 
to those of the inoculated plants. 
5* 'Butternut' Squash 
Cucurbita moschata 'Butternut' squash varieties showed 
chlorotic lesions on inoculated leaves on July 11, almost 
20 days after inoculation. The symptoms were mild and 
hardly noticeable. No noticeable symptoms were produced on 
the uninoculated 'Butternut' squash, although they probably 
became infected naturally. 
6. Winter Squash 
C. maxima varieties 'Gold Nugget', 'True Hubbard', 
'Colby Blue Hubbard', 'Blue Hubbard', 'Sweetmeat', 'Golden 
Delicious', 'Buttercup', 'Boston Marrow', and 'Pink Banana 
Jumbo' produced chlorotic lesions on inoculated leaves on 
July 11, about 20 days after inoculation. There was no 
noticeable systemic mottle in any of these varieties, except 
'Gold Nugget', until August 10. The symptoms produced at 
this time were similar to those caused by WMV 2 and this 
10? 
virus was isolated from such symptomatic plants. CMV did 
not seem to produce any systemic symptoms in these varieties 
of winter squash. In the uninoculated winter squash, 
symptoms appeared around August 10, and these too were 
caused by WMV 2 and not by CMV. 
7. Cantaloupe 
A mild systemic mottle appeared on Cucumis melo 
°Iroquois' and ’Delicious 51*. on July 2, 10 days after 
infection. By July 14, all varieties showed moderate to 
severe mottling, leaf deformity, and stunting. CMV appeared 
to have a severe effect on the above 2 varieties of canta¬ 
loupe. The uninoculated cantaloupe showed similar symptoms 
by August 1, and seemed to also be severely effected by the 
infection. Some fruit showed a yellow-green mottle on the 
outside. 
B. Effect of CMV on Yields of Cucurbits 
1, Yellow Summer Squash and Zucchini Squash 
As can be seen in Table 8, and Fig. 15, the uninocu¬ 
lated yellow summer squash varieties ’Seneca Butterbar', 
’Seneca Prolific*, 'Early Prolific Straightneck•, 'Dwarf 
Summer Crookneck’, ’Golden Summer Crookneck', Gold Bar’, 
and 'Golden Zucchini’ produced 1 to 4 times more fruit and 
up to 7 times more total weight of fruit than the same 
varieties inoculated with CMV. For example, the uninocu¬ 
lated variety ’Seneca Prolfic* produced 372 fruit having a 
total weight of 91.9 kg as compared to 242 fruit and a total 
weight of 12,8 kg of the inoculated plants. Fruit symptoms 
also made most of the fruit unmarketable. Most of the 
varieties were affected with equal severity except for 
'Golden Summer Crookneck' in which the uninoculated plants 
produced 3°3 fruit having a total weight of 50.0 kg as 
compared to 2?2 fruit of the inoculated plants v/ith a total 
weight of 29.7 kg. 
Zucchini squash plants inoculated with CMV produced 
about half as many fruit and about half the weight produced 
by uninoculated controls (Table 9» and Fig. 16). For exam¬ 
ple, the uninoculated variety 'Burpee Hybrid Zucchini' 
produced 180 fruit with a total weight of 101.1 kg as 
compared to the inoculated plants which produced 90 fruit 
with a total weight of 51*9 kg. 'Fordhook Zucchini' 
appeared to be most affected of the zucchini squash, the 
uninoculated plants producing 129 fruit v/ith a total weight 
of 82.2 kg as compared to 69 fruit and a total weight of 
20.1 kg produced by the inoculated plants. The reduction 
in the number of fruit and in weight was much less in the 
zucchini squash than in the yellow summer squash. Also, 
infected zucchini squash fruit rarely showed symptoms. 
in inoculated yellow summer squash, the average v/eight 
per fruit in most varieties was 50 to 80/S the average weight 
per fruit of the same uninoculated varieties (Table 10). 
The average fruit weight of the uninoculated variety 'Seneca 
Butterbar* was 462 g while that of the inoculated plants was 
277 g. The average weight per fruit of inoculated 'Golden 
Summer Crookneck' was 272 g, which is 90% of the fruit 
weight (303 g) of the uninoculated plants of the same 
variety. The fruit of inoculated 'Golden Zucchini' had an 
average weight of 155 g, which is 38# of the average weight 
(4o4 g) per fruit of the uninoculated plants. The average 
weight per fruit of CMV-inoculated zucchini squash varied 
from 70°% to 100# of the average fruit weight of the. uninocu¬ 
lated zucchini squash (Table 11). Thus, the average fruit 
weight of inoculated 'Seneca Zucchini* was 518 g per fruit 
as compared to 633 g per fruit of the inoculated plants. 
The varieties 'Burpee Hybrid Zucchini' and 'Zucchini Black' 
produced the same average fruit weights regardless whether 
they had been inoculated with CMV or not. In general, then, 
the fruit size of yellow summer squash appeared to be much 
more reduced by CMV infection than did the size of fruit of 
zucchini squash. 
2. Slicing and Pickling Cucumbers 
Plants of the slicing cucumber varieties 'Marketer' and 
'Straight Eight*, when inoculated with CMV, produced 43# 
and 5376 the total weight and 52# and 42# the number of fruit, 
respectively, of uninoculated plants of the same varieties 
(Table 12 and Fig. 17). Thus inoculated plants of 'Marketer' 
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Fig. 15. Yields per 12 plants of yellow summer varieties 
not inoculated artificially, or inoculated with 
CMV. 
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Fig. 16. Total yields per 12 plants of zucchini squash 
varieties not inoculated artificially or 
inoculated with CMV. 
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Table 10. Number of fruit, weight per fruit, and total 
fruit weight of yellow summer squash varieties 
not inoculated artificially or inoculated with 
cucumber mosaic virus (CMV) 
Variety 
Inoculated I Uninoculated Control 
Number 
Weight 
per 
fruit 
.is) . 
Total 
weight 
(kg) Number 
V/eight 
per 
fruit 
(g) 
Total 
v/eight 
(kg) 
'Seneca 
Butterbar' 108 277 31.01 250 462 115.68 
'Seneca 
Prolific' 53 242 12.83 24? 372 92.05 
'Early 
Prolific 
Straight- 
neck ' 48 206 9.89 | 211 379 80.00 
* Dwarf 
Summer 
Crookneck' 46 224 10.35 152 345 52.61 
'Golden 
Summer 
Crookneck' 109 272 29.77 165 303 50.12 
'Gold Bar' 84 268 22.51 | 315 347 109.41 
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Table 11. Number of fruit, weight per fruit, and total 
fruit weight of zucchini squash varieties not 
inoculated artificially or inoculated with 
cucumber mosaic virus (CMV) 
Variety 
Inoculated Uninoculated Control 
Number 
Weight 
per 
fruit 
(e) 
Total 
weight 
(Kg)  Number 
Weight 
per 
fruit 
(g) 
Total 
weight 
(Kg) 
'Cocozelle * 69 522 36,04 130 635 82.61 
'Burpee 
Hybrid * 90 577 51.93 180 562 101.24 
'Fordhook 
Zucchini' 69 436 30.12 129 637 82.27 
’Zucchini 
Black• 58 978 5 6,8 2 96 975 93.75 
'Seneca 
Zucchini' 90 518 46.7 120 633 76.14 
'Burpee 
Golden 
Zucchini' 47 155 7.27 123 404 49.78 
'Zucchini 
Elite' 108 480 51.82 169 539 91.25 
'Zucchini 
Hybrid' 84 663 55.82 142 673 95.69 
'Burpee 
Aristocrat' 112 397 44.57 154 552 85.12 
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produced 84 fruit weighing 20.23 kg while uninoculated 
plants produced 198 fruit weighing 46.46 kg. The varieties 
'Marketmore 70’, 'Tablegreen 65*, and •Meridian* (Harris 
strain) seemed to be little affected by CMV infection, the 
yields of inoculated plants being 103$ to 108$ of those of 
the uninoculated plants and the number of fruit being 84$ 
to 119$ of the number of fruit of uninoculated plants. The 
varieties •Gemini', •Challenger*, 'Victory*, 'Saticoy', 
'Triumph*, and 'Meridian' (Stokes Strain) when inoculated 
with CMV produced 6l$ to 76$ the fruit number and 65$ to 
82$ the total weight of the same uninoculated varieties. 
Similarly, the variety 'Triumph' produced 151 fruit and a 
total weight of 50.46 kg when inoculated with CMV while 
uninoculated plants produced 257 fruit and a total weight 
of 71.02 kg. 
The average fruit weight of cucumber plants inoculated 
with CMV ranged from 90$ to 128$ of the average fruit 
weight of uninoculated plants, The average weight per 
fruit of the inoculated variety 'Tablegreen 65' was 241 g 
while that of uninoculated plants was 256 g. The average 
weight per fruit of the inoculated variety 'Marketmore 70' 
was 256 g while that of uninoculated plants was 199 £ 
(Table 13). 
All inoculated pickling cucumber varieties except 
'Pioneer' produced 52$ to 80$ fewer fruit and 64$ to 91$ 
128 
less total fruit weight than did uninoculated plants (Table 
14, and Fig. 18). For example, inoculated 'Wisconsin SMR 58' 
produced 145 fruit weighing 38*87 kg, compared to 189 fruit 
weighing 42.38 kg produced by the uninoculated plants. The 
variety 'Pioneer* when inoculated with CMV produced 207 
fruit weighing 58.05 kg, while when not inoculated it 
produced 193 fruit weighing 50.3^ kg. The varieties 
•Wisconsin SMR 58' and 'Crusader' were the next best to 
'Pioneer' in productivity when infected with CMV. The rest 
of the varieties, i.e., 'Model', 'Wisconsin SMR 18', 'Ohio 
MR 17', 'National Pickling', 'Improved National Pickling', 
and 'Chicago Pickling' performed about the same when infected 
with CMV. For example, inoculated 'Ohio MR 17' produced 89 
fruit and a total weight of 24.9 kg while uninoculated 
'Ohio MR 17' produced 164 fruit weighing 32.6 kg. 
The average fruit weight of inoculated cucumber plants 
ranged from 100$ to 149$ of the average fruit weight of 
uninoculated plants. The inoculated varieties 'Model', 
'Wisconsin SMR 18', 'Pioneer', and 'Crusader', had average 
fruit weights of 100$ to 109$ of that of uninoculated plants. 
The inoculated varieties 'Wisconsin SMR 58', 'Ohio MR 17'» 
'National Pickling', 'Improved National Picling', and 
'Chicago Pickling', had average fruit weights of 119$ to 
149$ of that of uninoculated plants. The average weight per 
fruit of the inoculated variety 'Pioneer' was 280 g while 
129 
that of uninoculated plants was 256 g. Similarly, the 
average weight per fruit of inoculated 'Chicago Pickling* 
was 311 g while that of uninoculated plants v/as 209 g 
(Table 15). 
3. Pumpkin 
Inoculated pumpkin varieties produced only 50% of the 
number of fruit and 3676 of the total weight of fruit of the 
uninoculated plants. Thus, inoculated plants produced an 
average of 3^ fruit that weighed 74.2 kg, while uninoculated 
plants produced an average of 68 fruit that weighed 204 kg. 
The average weight per fruit of inoculated plants was 2.2 kg, 
which is 7376 the average fruit weight (3.0 kg) of uninocu¬ 
lated plants (Table 16 and Fig. 19). In the bush pumpkin 
variety 'Cinderella' there v/as little difference in fruit 
numbers and fruit v/eights between the uninoculated and 
inoculated plants. Inoculated plants produced 6 fruits 
weighing 33.1 kg, while uninoculated plants produced 7 
fruits weighing 41.8 kg. These results may have been 
affected by an unknown number of *Cinderella' fruit having 
been lost as a result of fruit rots. 
4. 'Acorn* Squash 
The varieties 'Table Queen Ebony Strain* and 'Table 
Queen Bush' did not produce any fruit when inoculated with 
CMV, while uninoculated plants of these two varieties 
together produced a total of 41 fruit with a total weight 
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Fig, 17. Yields per 12 plants of slicing cucumber varieties 
not inoculated artificially, or inoculated with 
CMV. 
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Table 13. Number of fruit, weight per fruit, and total 
fruit weight of slicing cucumber varieties not 
inoculated artificially or inoculated with 
cucumber mosaic virus (CMV) 
Variety 
Inoculated Uninoculated Control 
Number 
Weight 
per 
fruit 
(/;) 
Total 
weight 
(kg) Number 
Weight 
per 
fruit 
(g)... 
Total 
weight 
(kg) 
'Marketmore 
70' 208 256 53.41 246 199 49.1 
'Challenger' 208 288 60.00 277 263 72.82 
'Tablegreen 
65* 206 241 49.77 172 265 45.68 
'Gemini 
Hybrid' 190 239 45.40 248 244 60.57 
'Meridian' 
(Harris) 244 245 59.89 243 239 58.07 
'Victory* 203 262 53.16 299 242 72.50 
'Saticoy' 159 244 39.87 242 257 62.15 
'Triumph' 151 334 50.46 257 276 71.02 
'Meridian* 
(Stokes) 207 263 54.53 334 251 83.84 
'Straight 
Eight' 66 245 16.25 126 240 30.38 
'Marketer' 84 240 20.23 198 234 46.6 
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Fig. 18. Total yields per 12 plants of pickling cucumber 
varieties not inoculated artificially, or 
inoculated with CMV. 
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Table 15. Number of fruit, weight per fruit, and total 
fruit weight of pickling cucumber varieties 
not inoculated artificially or inoculated with 
cucumber mosaic virus (CMV) 
Inoculated Uninoculated C ontrol 
Variety Number 
Weight 
per 
fruit 
(g) 
Total 
weight 
(kg) Number 
Weight 
per 
fruit 
l&l 
Total 
weight 
(kg) 
'Wisconsin 
SMR 58’ 145 268 38.87 189 224 42,38 
'Wisconsin 
SMR 18' 143 237 33.97 224 238 52.95 
'Pioneer* 207 280 58.05 193 256 50.34 
'Crusader' 161 250 40.23 202 245 49.53 
•Ohio MR 17' 89 280 24.90 164 199 32.61 
'National 
Pickling* 121 2 66 32.27 187 211 39.55 
'Improved 
National 
Pickling’ 121 265 32.15 224 207 46.38 
'Chicago 
Pickling' 122 311 37.96 232 209 48.53 
'Model' 129 234 29.66 186 213 38.97 
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of 22.2 kg (Table 16 and Fig. 19). 
5* 'Butternut 'Squash 
The 3 inoculated varieties 'Agway Butternut*, *Burpee 
Butternut', and 'Waltham Butternut* produced a total of 93 
fruit and a total weight of 59.0 kg, while the uninoculated 
plants produced a total of 63 fruit and a total weight of 
29.5 kg. Thus, inoculated varieties produced almost 150$ 
more fruit with a total fruit weight of 200$ of that of the 
uninoculated plants. The average fruit weight of inoculated 
plants was 1.5 kg compared to O.63 kg per fruit of uninocu¬ 
lated plants (Table 16 and Fig. 19). 
6. V/inter Squash 
The inoculated varieties 'Boston Marrow*, 'Blue 
Hubbard', 'Sweet Meat', 'Golden Delicious', 'Buttercup', 
'True Hubbard', and 'Gold Nugget' produced fruit numbers 
varying from 66$ to 111$ and fruit weight varying from 55$ 
to 98$ of those of the uninoculated plants. For example, 
'Gold Nugget' inoculated plants produced 55 fruit, while 
uninoculated plants produced 63 fruit. However, the total 
fruit weight from inoculated plants was 16.3 kg while from 
uninoculated plants was 29.5 kg. The variety 'Sweet Meat' 
was the least affected by CMV infection since inoculated 
plants produced 28 fruit with a total fruit weight of 
110.3 kg and uninoculated plants produced 31 fruit with a 
total fruit weight of 112.1 kg. Inoculated 'True Hubbard' 
159 
plants produced 20 fruit with a total weight of 48.4 kg 
while uninoculated plants produced 18 fruit with a total 
fruit weight of 7^.91 kg, indicating that in this variety 
CMV infection reduced the size hut not the number of fruit 
produced (Table 16, and Figs. 19 and 20). 
The average weight per fruit of inoculated plants 
ranged from 57/ to 124/ of the average fruit weights of 
uninoculated plants. Inoculated 'Golden Delicious' produced 
an average weight of 5*6 kg pan fruit as compared to the 
average weight of 4.5 kg per fruit of uninoculated plants. 
Inoculated 'True Hubbard' produced an average weight of 
2.4 kg per fruit as compared to the average weight of 4.2 kg 
per fruit of uninoculated plants (Table 16). 
7. Cantaloupe 
Inoculated varieties of cantaloupe produced total 
fruit numbers of 18/ to 60/ and total fruit weights of 20/ 
to 59% of those of uninoculated plants. For example, 
inoculated 'Iroquois' produced a total fruit number of 5 
with a total weight of 13.25 kg as compared to 20 fruit 
weighing 67.5 kg produced by the uninoculated plants (Table 
17, and Fig. 21). The average fruit weights of inoculated 
plants ranged from 80/. to 119/ of the average fruit weight 
of uninoculated plants. For example, inoculated 'Iroquois' 
produced an average weight of 1.22 kg per fruit while 
uninoculated plants produced an average weight of 1.53 kg 
i6o 
Table 16. Yields of cucurbit varieties not inoculated 
artificially or inoculated with cucumber 
mosaic virus (CMV). Symptomatic controls 
were the result of natural infection with CMV 
or watermelon mosaic virus. 
Variety Treatment 
No. 
of 
plants 
No. 
of 
fruit 
V/eight 
of all 
fruit 
(kg) 
Average 
weight 
per 
fruit 
_ 
1. Cucurbita 
pepo 
'Small Sugar' 
'Youngs Beauty* 
'Connecticut 
Field' 
'Spookie' 
Inoculated 
Symptomatic 48 34 74.2 2.2 
Non-Symptom. 0 0 0 0 
Control 
Symptomatic 48 68 204.0 3.0 
Non-Symptom. 0 0 0 0 
2. C. pepo 
Pumpkin 
'Cinderella* 
Inoculated 
Symptomatic 12 6 33.1 5.5 
Non-Symptom. 0 0 0 0 
Control 
Symptomatic 12 7 41.8 6.0 
Non-Symptom. 0 0 0 0 
3. C. maxima 
'Gold Nugget' 
Inoculated 
Symptomatic 12 55 16.3 .30 
Non-Symptom. 0 0 0 0 
Control 
Symptomatic 12 63 29.5 0.47 
Non-Symptom. 0 0 0 0 
4. C. maxima 
'True Hubbard' 
1 
Inoculated 
Symptomatic 12 20 48.4 2.4 
Non-Symptom. 0 0 0 0 
Control 
Symptomatic 12 18 74.91 4.2 
Non-Symptom. 0 0 0 0 
l6t 
Table 16, (Cont'd) 
Variety Treatment 
No. 
of 
plants 
No. 
of 
fruit 
Weight 
of all 
fruit 
(kg) 
Average 
weight 
per 
fruit 
Ussi 
5. C. maxima 
'Colby Blue 
Hubbard' 
'Blue Hubbard' 
Inoculated 
Symptomatic 24 46 466.0 10.1 
Non-Symptom. 0 0 0 0 
Control 
Symptomatic 24 49 600,6 12.3 
Non-Symptom, 0 0 0 0 
6, C. maxima 
'Sweet Meat' 
Inoculated 
Symptomatic 12 28 110.8 4.0 
Non-Symptom. 0 0 0 0 
Control 
Symptomatic 21 31 112.1 3.61 
Non-Symptom. 0 0 0 0 
7. C. maxima 
'Golden 
Delicious' 
Inoculated 
Symptomatic 12 20 112.0 5.6 
Non-Symptom. 0 0 0 0 
Control 
Symptomatic 12 29 130.3 4.5 
Non-Symptom. 0 0 0 0 
8, C. maxima 
'Buttercup' 
Inoculated 
Symptomatic 12 35 4-9.3 1.4 
Non-Symptom. 0 0 0 0 
Control 
Symptomatic 12 53 56.3 1.1 
Non-Symptom. 0 0 0 1 0 
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Table 16. (Cont'd) 
Variety Treatment 
No. 
of 
plants 
No. 
of 
fruit 
Weight 
of all 
fruit 
(k£). 
Average 
weight 
per 
fruit 
(kg) . . 
9. C. maxima 
'Boston 
Marrow' 
Inoculated 
Symptomatic 12 22 169.3 8.8 
Non-Symptom. 0 0 0 0 
Control 
Symptomatic 12 30 259.3 8.6 
Non-Symptom. 0 0 0 0 
10. C. pepo 
'Table Queen 
Ebony Strain* 
'Table Queen 
Bush' 
Inoculated 
Symptomatic 24 0 0 0 
Non-Symptom. 0 0 0 0 
Control 
Symptomatic 24 41 22.2 0.5^ 
Non-Symptom. 0 0 0 0 
11. C. moschata 
'Agway 
Butternut' 
'Burpee 
Butternut' 
'Waltham 
Butternut' 
Inoculated 
Symptomatic 0 0 0 0 
Non-Symptom. 36 93 59.0 0.63 
Control 
Symptomatic 0 0 0 0 
Non-Symptom. 36 63 29.5 1.5 
Fig. 19. Total yields per 12 plants of pumpkin and winter 
squash varieties not inoculated artificially, or 
inoculated with CMV. 
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Fig. 20. Total yields per 12 plants of pumpkin and winter 
squash varieties not inoculated artificially, or 
inoculated with CMV. 
85 
80 
75 
70 
65 
h- 60 
5: 55 
Ljl 
50 
lJL 
° 45 
F, 40 UJ 
“35 
30 
25 
20 
15 
10 
5 
0 
I ESI £3 Q Fruit No., Control 
Fruit No., Inoculated 
llllllllll Fruit Wt., Control 
Fruit Wt., Inoculated 
0 
EkN 
i 
% 
% 
sfe 
m 
H = 
K'=SJ 
Hpj 
m 
■H 
CO o -< GO “0 T3 O o q c 
^3 C. —' —i 
CD 
O 
tn 
W
E
IG
H
T
 O
F
 
F
R
U
IT
 
(k
g.
) 
16? 
per fruit (Table 18). 
C. Viruses Reisolated from Cucurbits at the End 
of the Experiment 
In 4 samples collected from 4 plants of uninoculated 
summer squash, 2 samples produced CMV and 2 produced WMV 2. 
No samples were taken from the inoculated summer squash, 
since all of them had shown typical CMV symptoms within the 
first 2 or 3 weeks after inoculation with CMV. 
Of 13 samples taken from uninoculated v/inter squash 
plants, 12 samples produced WMV 2 and 1 sample produced CMV. 
The CMV sample was found in the variety 'True Hubbard*. 
WMV 2 v/as also found in varieties of Cucurbita maxima, 
pumpkin, ’Butternut' squash, and 'Acorn* squash. In 5 
samples taken from inoculated winter squash, 3 samples were 
found to contain WMV 2, 1 a mixture of WMV 2 and CMV, and 1 
CMV. The 3 WMV samples were found in varieties of 
C. maxima. The CMV sample v/as found in 'Butternut' squash 
and the mixture of CMV + WMV 2 in pumpkins. 
In 5 samples taken from uninoculated cucumber 
varieties, only 1 sample was found containing a virus and 
that was CMV. Samples taken from inoculated cucumbers 
perished before a virus could be isolated from them. 
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Fig. 21. Total yields per 12 plants of cantaloupe varieties 
not inoculated artificially, or inoculated with 
CMV, - 
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Table 18. Number of fruit, weight per fruit, and total 
fruit weight of cantaloupe varieties not 
inoculated artificially or inoculated with 
cucumber mosaic virus (CMV) 
v 
Variety 
Inoculated Uninoculated Control 
Number 
V/eight 
per 
fruit 
(g) 
Total 
weight 
Uck) Number 
Weight 
per 
fruit 
(g)  
Total 
weight 
Ug) 
'Iroquois' 5 1.20 6.02 20 1.53 30.69 
'Delicious 
51* 22 1.11 24.43 44 0.93 41.02 
'Harper 
Hybrid' 14 1.18 16.48 23 1.33 30.5? 
'Honey Rock* 4 0.68 2.72 22 0.69 15.11 
l?5 
v. STUDIES OF POSSIBLE SYNERGISTIC EFFECTS OF 
MIXED CMV AND WMV 2 INFECTIONS ON CUCURBITS 
A. Greenhouse Experiments 
1. Effects on •Wisconsin SMR 58* Cucumber 
a. Symptoms of CMV and WMV 2 in Single and Mixed 
Infections 
CMV and WMV 2, either in single or mixed infections, 
produced only mild mottling and mild stunting in cucumber 
plants. The mottle produced by WMV 2, although mild, was 
more prominent and more easily recognized than that produced 
by CMV. The WMV 2 mottle was evident in plants infected 
singly with WMV 2 or doubly with CMV and WMV 2 regardless 
of time of inoculation. Plants infected with both viruses 
appeared to be slightly smaller than plants infected with 
either virus alone. The difference was more apparent in 
plants inoculated when they were 8 or 13 days old, while 
plants inoculated when they were 18 days old shov/ed no 
noticeable difference in height whether inoculated with one 
or with both viruses. 
CMV inoculated alone on 8-, 10-, 13-» and 18-day-old 
plants produced a mild transient mottle in the new leaves. 
CMV-inoculated plants were only slightly smaller than 
uninoculated controls. 
b. Effect of Single and Mixed Infections of CMV and 
WMV 2 on Fresh and Dry Weights of Plant Tops and 
Roots 
In singly infected plants inoculated on the cotyledons 
with either CMV or WMV 2 (treatments B-l and B-2) the fresh 
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and dry weights of tops of plants inoculated with either 
virus were similar and about 80$ of the weight of uninocu¬ 
lated plants (Table 19). 
In 8-day-old plants inoculated on the cotyledons with 
CMV (treatment B-l) the fresh root weight was 86$ and the 
dry weight 113% of those of uninoculated plants, while when 
inoculated with WMV 2 (treatment B-2) the fresh root weight 
was 68?6 and the dry weight 73% that of the uninoculated 
plants. CMV and WMV 2 inoculated together on the cotyledons 
of 8-day-old plants (treatment B-3) resulted in fresh and 
dry weight of plant tops equal to 67% and 65%, respectively, 
of those of uninoculated plants. 
The respective reductions caused by single infections 
of CMV and WMV 2 (treatments B-l and B-2), when added 
together, give 39$ and 37$ reductions in fresh and dry 
w'eight of plant tops in 8-day-old plants inoculated on the 
cotyledons with a mixture of CMV and WMV 2 (treatment B-3) 
was 33$ and 37$. respectively. The similarities in these 
two sets of numbers showing percent reduction in fresh and 
dry weights of tops of plants suggest that the effects of 
CMV and WMV 2 inoculated together on cotyledons of 8-day-old 
plants are probably additive. The reductions caused by 
single infections of CMV and WMV 2 on the cotyledons added 
up to 46$ and 14$, respectively, while the reduction in 
fresh and dry weight of roots inoculated with both CMV and 
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and WMV 2 on the cotyledons was 4l$ and 35$, respectively. 
So, while the reduction in fresh root weight by these two 
viruses may be additive, the total reduction in dry root 
weights by single infections is quite different from that 
of the double infection. Inoculation of CMV on cotyledons 
of 10-day-old plants (treatment C-l) produced top and root 
weights similar to CMY on cotyledons of 8-day-old plants 
(treatment B-l). Inoculation of WMV 2 on cotyledons of 
10-day-old plants (treatment C-2) produced top and root 
weights similar to WMV 2 on cotyledons of 8-day-old plants 
i 
(treatment B-2). 
Single inoculations of the first emerging leaf of 
13-day-old plants with CMV (treatment D-l) produced fresh 
and dry weights of plant tops equal to 72$ and 75%, respec¬ 
tively, of those of uninoculated plants, and fresh and dry 
weights of roots equal to 73% and 80$, respectively, of 
those of uninoculated plants. Single inoculations of the 
first leaf with WMV 2 (treatment D-2) resulted in approxi¬ 
mately similar reductions in fresh and dry weight of plant 
tops as did single inoculation with CMV, but caused much 
less root reduction than did CMV. 
The concurrent inoculation of CMV and WMV 2 on the 
first emerging leaf (treatment D-3) produced fresh and dry 
weights of plant tops and roots similar to those of inocu¬ 
lated 8-day-old plants. The reductions in fresh and dry 
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weights of plant tops by single inoculations of CMV and 
WMV 2 on the first leaf added up to 53$ and 44$, respec¬ 
tively, while concurrent inoculation of the two viruses 
on the first leaf caused reduction of fresh and dry weights 
of plant tops equal to 36$ and 34$, respectively, of 
uninoculated plants. The reductions of fresh and dry root 
weights as a result of single infection with CMV and WMV 2 
added up to 39$ and 13$, respectively, while the reductions 
caused by concurrent inoculations with CMV and WMV 2 are 
equal to 39$ and 34$, respectively, of those of uninocu¬ 
lated plants. 
Single inoculations with CMV (treatment E-l) and WMV 2 
(treatment E-2) on the second emerging leaf of 18-day-old 
plants resulted in similar fresh and dry weights of plant 
tops as those produced by inoculation of a mixture of CMV 
and WMV 2 on plants of the same age (treatment E-3)» WMV 2 
produced slightly higher fresh and dry weights of plant 
tops while CMV and the mixture of CMV and WMV 2 produced 
quite similar fresh and dry weights of plant tops. The 
reductions of top and root v/eights caused by single infec¬ 
tions of CMV and WMV 2 on the second emerging leaf of 
18-day-old plants when added together produced higher fresh 
and dry root weight reductions than the reductions of the 
concurrent inoculation of CMV and WMV 2 on plants of the 
same age. 
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The cotyledons of 30 8-day-old cucumber plants were 
inoculated with CMV. 2 days later the cotyledons of 10 of 
the plants were reinoculated with WMV 2 (treatment F-l). 
Another 10 of the plants were inoculated with WMV 2 on the 
first emerging leaf 5 days after the first inoculation 
(treatment F-2) and the remaining 10 plants were inoculated 
with WMV 2 on the second emerging leaf 10 days after the 
first inoculation (treatment F-3). Table 19 shows that the 
fresh and dry weights of the plant tops and roots of each 
of these groups correspond fairly closely to the fresh and 
dry weights of tops and roots of similar age plants inocu¬ 
lated v/ith a mixture of CMV and WMV 2 (treatments B-3, D-3, 
and E-3). The weights of plant tops and roots increased as 
the interval between inoculation with CMV and then with 
WMV 2 increased. The weight reduction of plant tops and 
roots as a result of single infections with CMV and WMV 2 
(treatments B-l and C-2, B-l and D-2, and B-l and E-2), when 
added together, either equal or surpass the reduction in 
weight caused by the mixed CMV and WMV 2 infection (treat¬ 
ments F-l, F-2, and F-3, respectively) compared to the 
uninoculated plants. 
The 3 groups of 10 plants inoculated with WMV 2 on the 
cotyledons and then each inoculated with CMV either on the 
cotyledons 2 days later (treatment G-l), or on the first 
leaf 5 days later (treatment G-2), or on the second leaf 
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10 days later (treatment G-3), or showed a decrease in 
weights of plant tops and roots that was highest in plants 
inoculated with CMY at the earliest stage and lowest in the 
plants inoculated with CMV last. The plants inoculated with 
CMV 2 and 5 days after inoculation with WMV 2 (treatments 
G-l and G-2) had similar weights as the group inoculated 
with a mixture of CMV and WMV 2 on 8- and 13-day-old plants 
(treatments B-3 and D—3)• Plants inoculated with CMV 10 
days after WMV 2 (treatment G-3) had a decrease in weight 
similar to that of the group which was inoculated with WMV 2 
on the cotyledons followed by CMV inoculation 2 days later 
(treatment G-l). The reductions of the weights of tops and 
roots between CMV and WMV 2 infections (treatments B-2 and 
C-l, B-2 and D-l, B-2 and E-l) and that of the uninoculated 
plants when added together either equal or surpass the 
reduction between the weights of tops and roots of the mixed 
CMV and WMV 2 infections (treatments G-l, G-2, and G-3). 
2. Effects on 'Blue Hubbard* Squash 
a. Symptoms of CMV and WMV 2 in Single and 
Mixed Infections 
CMV inoculated on cotyledons of 8-day-old 'Blue Hubbard' 
squash produced chlorotic spots 4 days later on the cotyle¬ 
dons and the nev/ly emerging leaf, A severe mottle appeared 
in nev/ly emerging leaves 7 to 10 days after inoculation. 
All inoculated plants became severely stunted and mottled at 
at this time. The cotyledons soon died and brown necrotic 
Table 19. Fresh and dry weights of tops and roots of 
cucumber plants grown in the greenhouse and 
inoculated with CMV or WMV 2 singly, in 
mixture, or in sequence 
Inoculum and 
plant part 
inoculated 
Tops Rool ts 
Fresh 
weight 
Dry 
weight 
Fresh 
weight 
Dry 
weight 
g i * 1 % £ 1 % R 1 % 
A-l. Unmocu- 
lated control 53.05a|100a 
1 
3.60 ilOO 
i 
4.80 ilOO 
1 
0.26 |100 
B-l. CMV on 
cotyledons of 
8-day-old 
plants 
1 
42.72 1 81 
i 
1 
2.99 l 81 
1 
4.13 1 86 
1 
1 
0.29 H13 
1 
B-2. WMV 2 on 
cotyledons of 
8-day-old 
plants 
i 
42.53 1 80 
1 
i 
~r 
3.03 1 82 
i 
r 
3.25 | 68 
i 
-,- 
0.19 [ 73 
B-3. CMV+WMV 2 
cotyledons of 
8-day-old 
plants 
1 
i * 
35.51 | 67 
l 
l 
2.41 , 65 
1 
1 
2.81 , 59 
1 
1 
0.17 i 65 
l 
C-l. CMV on 
cotyledons of 
10-day-old 
plants 
1 
38.31b 1 ?2b 
l 
I 
2.78b 1 75b 
I 
1 
3.4ob 1 7lb 
l 
... ... . ... 1 
0.20b 1 79b 
1 
C-2. WMV 2 on 
cotyledons of 
10-day-old 
plants 
] 
42.83b| 80b 
1 
i 
3.l4b J 85b 
. .1. 
l 
2.35b | 48b 
-f—— 
0.18b J 69b 
1 
D-l. CMV on 
first leaf of 
13-day-old 
plants 
1 
37.96 l 72 
l 
1 
2.75 l 75 
l 
1 
3.49 l 73 
1 
0.21 1 80 
1 
D-2. WMV 2 on 
first leaf of 
13-day-old 
plants 
i 
39.36 j 75 
i 
l 
2.97 1 81 
I 
1 
4.27 * 88 
1 
1 
0.28 ] 107 
 I 
D-3. CMV+WMV 2 
on first leaf 
of 13-day-old 
plants 
l 
33.83 i 64 
l 
1 
2.45 | 66 
l 
1 
2.92 | 61 
1 
1 
0.17 i 66 
I 
aEach number represents the average weight per plant of 3 
replications, each replication consisting of 10 plants. 
However, each replication of uninoculated plants consisted 
of 2 groups of 10 plants each. 
1 replication 
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Table 19. (Cont'd) 
Tops Roots 
Inoculum and 
plant cart 
inoculated 
Fresh 
weight 
Dry 
weight 
Fresh 
weight 
Dry 
weight 
£ 1 % . £ 1 % z1 g iff 
E-l. CMV on 
second leaf 
of 18-day- 
old plants 
1 
39.74 1 75 
1 
1 
2.85 1 77 
l 
1 
3.07 1 64 
1 
1 
0.18 1 69 
1 
E-2. WMV 2 on 
second leaf 
of 18-day- 
old plants 
-!- 
46.61 1 88 
i 
i 
3.24 1 88 
1 
r 
3.32 | 69 
l 
i" 
0.18 [ 71 
1- 
E-3. CMV+WMV 2 
on second 
leaf of 18- 
day- old plants 
1 
40.42 | 76 
1 
1 
2.94 | 80 
1 
l 
4.23 | 88 
1 
\ 
0.25 1 97 
l 
F-l. CMV on 
cotyledons of 
8-day-old 
plants, then 
WMV 2 on 
cotyledons 2 
days later 
. j ■ 
I 
33.72 , 64 
i 
l 
l 
1 
2.28 , 62 
l 
1 
1 
1 
2.65 [ 55 
l 
l 
l 
0.15 [ 59 
l 
l 
F-2. CMV on 
cotyledons of 
8-day-old 
plants, then 
WMV 2 on first 
leaf 5 days 
later 
l 
l 
36.41 [ 69 
1 
I 
1 
1 
2.56 j 69 
1 
l 
l 
I 
2.56 [ 53 
l 
I 
l 
l 
0.16 j 62 
1 
1 
F-3. CMV on 
cotyledons of 
8-day-old 
plants, then 
; WMV 2 on 
second leaf 
10 days later 
1 
1 
39.79 1 75 
l 
i 
l 
l 
2.77 1 75 
l 
1 
i 
l 
l 
3.09 1 64 
1 
1 
i 
1 
1 
0.21 1 80 
1 
1 
l 
G-l. WMV 2 on 
cotyledons of 
8-day-old 
plants, then 
CMV on coty¬ 
ledons 2 days 
later 
1 
1 
36.84 1 69 
1 
1 
1 
1 
2.61 1 71 
1 
l 
1 
1 
3.02 1 63 
l 
_1_ 
1 
1 
0.15 1 59 
l 
—J_ 
183 
Table 19. (Cont'd) 
Inoculum and 
plant part 
inoculated 
Tops Roots 
Fresh 
weight 
Dry 
. weight 
Fresh Dry 
weight weight 
. k 1 % ... g . %  . g , % g . % 
G-2. WT.1V on 
cotyledons of 
8-day-old 
plants, then 
CMV on first 
leaf 5 days 
later 
1 
1 
34.521 65 
1 
1 
1 
1 
2.50 1 68 
l 
1 
1 
1 
2.80 1 58 
1 
1 
1 
1 
0.15 1 58 
l 
l 
G-3. WMV 2 on 
cotyledons of 
8-day-old 
plants, then 
CMV on second 
leaf 10 days 
later 
1 
1 
1 
31.06, 58 
1 
l 
1 
2.24 , 61 
1 
1 
-,- 
1 
1 
2.27 | 47 
1 
1 
-,- 
l 
1 
0.13 , 50 
1 
1 
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streaks appeared on the stem from the point of attachment 
of the cotyledons down to the soil line (Pig. 22). The 
streak was usually found on one side of the plant. A 
v-shaped crack appeared on the stem between the cotyledons. 
Such cracks also appeared occasionally in uninoculated 
plants. CMV inoculated on cotyledons of 10-day-old plants 
produced symptoms similar to those inoculated when 8 days 
old, but only about half of them produced severe symptoms 
while the rest appeared to develop only necrotic cotyledons, 
and cracks and streaks on the stem. CMV inoculated'on the 
first leaf of 12-day-old plants and on the second leaf of 
16-day-old plants produced chlorotic spots 4 days after 
inoculation and then the whole leaf became necrotic, and 
brown streaks and cracks appeared on the stem (Fig. 23). 
If there were any leaves or cotyledons below the inoculated 
leaf, they too became necrotic and died. The plants did not 
produce systemic mottling. The symptoms of subsequent 
inoculations with WMV 2 were masked when CMV was inoculated 
on the cotyledons of 8-day-old plants. 
WMV 2, whether inoculated on the cotyledons or the 
first or second leaves, produced similar symptoms of inter- 
veinal chlorosis and mild to moderate stunting. The last 
inoculation resulted in milder symptoms than the ones on the 
first leaf. 
1*5 
Fig. 22. 'Blue Hubbard' squash inoculated with CMV on the 
cotyledons and showing dead cotyledons, necrotic 
streak on stem and cracking of stem. 
Fig. 23. 'Blue Hubbard' squash inoculated on the second 
emerging leaves with CMV and showing necrosis of 
% 
the inoculated leaves and necrotic streak on 
stem. 
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b. Effect of Single and Mixed Infections of CMV 
and WMV 2 on Fresh and Dry Weights of Plant 
Tops and Roots 
As can be seen in Table 20, the fresh and dry weights 
of tops and roots of plants inoculated on the cotyledons 
with CMV (treatment B-l) were similar to the weights of 
plants inoculated on the cotyledons with a mixture of CMV 
and WMV 2 (treatment B-3). When WMV 2 was inoculated on 
the cotyledons of 8-day-old plants (treatment B-2) the 
fresh and dry weights of plant tops and roots were higher 
than when infected with CMV (treatment B-l). Inoculation 
of CMV on cotyledons of 10-day-old plants (treatment C-l) 
produced top and root weights greater than CMV inoculated 
on cotyledons of 8-day-old plants (treatment B-l). Inocu¬ 
lation of WMV 2 on cotyledons of 10-day-old plants (treat¬ 
ment C-2) produced top and root weights similar to those 
produced when WMV 2 was inoculated on cotyledons of 8-day- 
old plants (treatment B-2). When CMV was inoculated on 
the first emerging leaf of 12-day-old plants (treatment 
D-l), the plant top and root weights were greater than 
those of plants inoculated earlier (treatments B-l and C-l). 
Inoculation of the first emerging leaf of 12-day-old plants 
with WMV 2 (treatment D-2) produced top and root weights 
similar to those produced by plants inoculated on the first 
leaf with a mixture of CMV and with WMV 2 (treatment D-3). 
In single inoculations of the second emerging leaf of 
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16-day-old plants with either CMV (treatment E-l) or with 
WMV 2 (treatment E-2), the fresh and dry weights of the 
plant tops were similar to those of plants inoculated with 
a mixture of CMV and WMV 2 (treatment E-3). The fresh and 
dry weights of roots, however, were higher in plants inocu¬ 
lated with either CMV or WMV 2 on the second emerging leaf 
of 16-day-old plants (treatments E-l and E-2) than those 
produced by the double infection (treatment E-3). The top 
and root weights of plants inoculated with WMV 2 on the 
second emerging leaf of 16-day-old plants (treatment E-2) 
were similar to those of plants inoculated with CMV on the 
first emerging leaf of 12-day-old plants (treatment D-l). 
Except for the root weights of the group inoculated 
with WMV 2 on the second emerging leaf of 16-day-old plants 
(treatment E-2), the rest of the top and root weights of 
the groups inoculated v/ith WMV 2 alone (treatments B-2, 
C-2, and D-2) are quite similar. 
The 3 groups of plants inoculated with CMV on the coty¬ 
ledons when they were 8 days old, followed by inoculation of 
one group with WMV 2 on the cotyledons 2 days later (treat¬ 
ment F-l), a second group with WMV 2 4 days after the CMV 
inoculation on the first emerging leaf (treatment F-2), and 
the third group with WMV 2 on the second emerging leaf 
/ 
8 days after the CMV inoculation (treatment F-3) produced 
top and root weights similar to those of plants inoculated 
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with either CMV alone (treatment B-l) or with a mixture of 
CMV and WMV 2 on cotyledons of 8-day-old plants (treatment 
B-3)» There was a steady increase in plant top and root 
weights from the first inoculation of WMV 2 at 2 days after 
CMV inoculation (treatment F-l) to the last inoculation of 
WMV 2 at 8 days after CMV inoculation (treatment F-3). 
The 3 groups of plants inoculated with WMV 2 on the 
cotyledons when they were 8 days old, followed by inocula¬ 
tion of one group with CMV on the cotyledons 2 days later 
(treatment G-l), a second group with CMV on the first 
emerging leaf 4 days from the WMV 2 inoculation (treatment 
G-2), and the third group with CMV on the second emerging 
leaf 8 days after the WMV 2 inoculation (treatment G-3), 
resulted in a small but steady increase in weights from the 
first to the last inoculation with WMV 2. The weights of 
the group inoculated with WMV 2 on the cotyledons of 8-day- 
old plants followed by CMV inoculation on the cotyledons 
2 days later (treatment G-l) produced top and root weights 
similar to those of plants inoculated with a mixture of CMV 
and WMV 2 on cotyledons of 8-day-old plants (treatment B-3). 
The plants inoculated with WMV 2 on the cotyledons when 
they were 8 days old and then with CMV on the first and 
second emerging leaves 4 and 8 days after the WMV 2 inocu¬ 
lation (treatments G-2 and G-3), respectively, produced 
weights similar to those produced by plants inoculated with 
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a mixture of CMV and WMV 2 on the first emerging leaf of 
12-day-old plants (treatment D-3). 
3* Recovery of Viruses from Cucumber and Squash 
Plants Inoculated with Single or Mixed Inocula 
of CMV and WMV 2 -—- 
a. Cucumbers 
In all the treatments tested the virus that was origi¬ 
nally inoculated was reisolated. 
b. Squash 
CMV was recovered from all plants inoculated with CMV 
on the cotyledons when 8 days old. CMV was recovered from 
10-day-old plants inoculated on the cotyledons only when 
the plants were showing symptoms. Plants inoculated on the 
cotyledons when 10 days old but not showing symptoms did 
not produce CMV upon reisolation. CMV inoculation, either 
alone or in mixed inocula, on 12- or 16-day old squash 
plants did not produce CMV upon reisolation, 
WMV 2 was reisolated from all the treatments that had 
been inoculated with WMV 2 either in single or in double 
inocula. 
B. Field Experiments 
1. Effects on "Wisconsin SMR 58* Cucumber 
a. Symptoms of CMV and WMV 2 in Single and Mixed 
Infections 
Cucumber plants inoculated with CMV on the cotyledons 
when they were 11 days old produced faint diffuse chlorotic 
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Table 20. Fresh and dry weights of tops and roots of squash 
plants grown in the greenhouse and inoculated with 
_CMV or WMV 2 singly, in mixture, or in sequence 
Inoculum and 
plant part 
inoculated 
Tops Roots 
Fresh 
weight 
Dry 
 weight 
Fresh 
weight 
Dry 
weight 
.. g V % j ITT g 1 % g 1 % A-l. Uninocu- 
lated - 
2 groups of 10 
plants each 
1 
83.05all00a 
I 
5.90 J100 
1 
1 
3.09 Uoo 
1 
0.24 1100 
1 
B-l. CMV on 
cotyledons of 
8-day-old 
plants 
24.31 ! 29 
-1 1 
1 
2.35 1 40 
l 
~r'' 1 l11 
1.18 ] 38 
L 
1 
0.09 , 38 
l 
B-2. WMV 2 on 
cotyledons of 
8-day-old 
• plants 
I 
53.5 i 64 
l 
3.64 | 62 
1 
1 
2.26 1 73 
l 
1 
0.16 l 67 
1 
B-3. CMV+WMV 2 
on cotyledons 
of 8-day-old 
plants 
l 
32.41 l 39 
l 
— -- < - 
l 
2.51 1 43 
l 
g M 1 
1 
1.34 1 43 
1 
.  1 
0.11 1 46 
1 
1 
C-l, CMV on 
cotyledons of 
10-day-old 
plants 
!- 
38.66bJ 47b 
1 
-.- -• ■ •z====: 
3.28b] 56b 
l 
— | „ =ac 
1.59b 1 51b 
l 
-- b. T.j - - 
0,14b | 59b 
l 
C-2. WMV 2 on 
cotyledons of 
10-day-old 
plants 
52.45b i 63b 
1 
3.73bl 63b 
l 
1 
2.39b 1 78b 
1 
1 
0.19b 1 79b 
1 
D-l. CMV on 
first leaf of 
12-day-old 
plants 
1 r 
56,64 J 68 
l 
1 ■ . 
4.30 | 73 
1 
-1- 
2.42 | 78 
l 
0.20 | 83 
1 
D-2. WMV 2 on 
first leaf of 
12-day-old 
plants 
l 
56.43 1 68 
1 
3.79 1 64 
1 
1 
2.04 1 66 
1 
1 
0.15 163 
1 
D-3. CMV+WMV 2 
on first leaf 
of 12-day-old 
plants 
I 
49.28 l 59 
l 
1 
3.50 1 59 
l 
1 
1.75 1 57 
l 
1 
0.15 1 63 
1 
Each number represents the average weight per plant of 3 
replications, each replication consisting of 10 plants. 
However, each replication of uninoculated plants consisted 
of 2 groups of 10 plants each. 
2 replications 
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Table 20. (Cont'd) 
Inoculum and 
plant part 
inoculated 
Tops Roots 
Fresh 
weight 
Dry 
weight 
Fresh 
weight 
Dry 
weight 
** i - ft 1 % g 1 % 
-^ — 
g , °/o 
E-l. CMV on 
second leaf 
of 16-day- 
old plants 
59.06 , 71 
I 
4.37 1 74 
1 
1 
2.63 , 85 
1 
1 
0.20 , 83 
1 
E-2. WMV 2 on 
second leaf 
of 16-day- 
old plants 
1 
57.46 l 69 
l 
1 
3.93 1 66 
1 
1 
2.59 1 84 
1 
1 
0.18 I 75 
1 
E-3. CMV+WMV 2 
on second 
leaf of 
16-day-old 
plants 
I 
l 
55.09 | 66 
1 
- ■■ ... . 
1 
1 
3.81 , 65 
1 
T~ 
1 
1.98 | 64 
1 
-!- 
1 
0.14 | 58 
l 
F-l. CMV on 
cotyledons of 
8-day-old 
plants, then 
WMV 2 on 
first leaf 2 
days later 
■ ■ 1“' * 
l 
l 
20.5 1 25 
1 
1 
—-- 
1 
1 
1.95 ! 33 
l 
l 
--i- 
1 
1 
1.44 l 47 
1 
1 
=-■■■■' M-~- == 
1 
1 
0.08 1 33 
1 
l 
F-2. CMV on 
cotyledons of 
8-day-old 
plants, then 
WMV 2 on 
second leaf 
4 days later 
1 
1 
1 
23.96 1 29 
1 
1 
1 
l 
l 
2.15 1 36 
l 
l 
-1- 
1 
1 
1.09 1 34 
1 
1 
-1- 
l 
1 
.0911 38 
1 
1 
F-3. CMV on 
cotyledons of 
8-day-old 
plants, then 
WMV 2 on 
second leaf 
8 days later 
1 
1 
31.43 , 38 
1 
l 
~T~ 
I 
1 
2.72 | 46 
1 
1 
-,- 
1 
l 
1.21 , 39 
1 
1 
-j- 
1 
l 
0.11 , 46 
1 
1 
G-l« WMV 2 on 
cotyledons of 
8-day-old 
plants, then 
with CMV on 
same 2 days 
later 
1 
30.72 , 37 
1 
1 • 
l 
2.36 , 40 
1 
1 
1 
l 
1.45 , 47 
1 
1 
1 1 1 
1 
1 
0.10 , 42 
1 
1 
Table 20. (Cont’d) 
Inoculum and 
plant part 
inoculated 
Tops Roots 
Fresh 
weight 
Dry 
v/eight 
Fresh 
weight 
Dry 
weight 
P 1 7“  .K . 7o K , % 1 g % 
G-2. WMV 2 on 
cotyledons of 
8-day-old 
plants, then 
CMV on first 
leaf 4 days 
later 
i 
1 
41.72 1 50 
1 
l 
1 
1 
3.09 1 52 
1 
l 
1 
1 
1.67 1 54 
1 
1 
1 
1 
0.12 1 50 
1 
1 
G-3. WMV 2 on 
cotyledons of 
8-day-old 
plants, then 
CMV on second 
leaf 8 days 
later 
T 
1 
44.20 , 53 
l 
l 
i 
l 
3.23, 55 
l 
l 
-j- 
1 
1 
1.86 , 60 
1 
1 
T 
1 
0.15! 6 ^ 
1 
1 
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spots. The plants soon recovered and, in later stages of 
plant growth, only a faint mottle could occasionally be seen 
m the new leaves. The plants appeared similar in size as 
those of the uninoculated controls. Plants inoculated on 
the second emerging leaf when they were 21 days old produced 
only a faint mottle on the leaves similar to that of inocu¬ 
lated 11-day-old plants. 
WMV 2 inoculated on cotyledons of 11-day-old plants and 
on the second emerging leaf of 21-day-old plants resulted in 
a mild to moderate mottling of leaves with a mild reduction 
in growth of vines. 2 weeks before harvesting was concluded 
the leaves of these plants began to become yellow and the 
groups of plants infected with WMV 2 were easily distin¬ 
guished from the other groups. 
Plants inoculated with a mixture of CMV and WMV 2 on 
the second emerging leaf of 21-day-old plants showed symptoms 
similar to those infected with CMV. Plants inoculated with 
either a mixture of CMV and WMV 2 on cotyledons when the 
plants were 11 days old, or with CMV on cotyledons of 11-day- 
old plants and then with WMV 2 10 days later, or with WMV 2 
on the cotyledons and with CMV 10 days later, showed moderate 
mottling and moderate reduction in vine grov/th. 
b• Effect of Single and Double Infections with 
CMV and WMV 2 on Fruit Number and Weight 
CMV inoculated on cotyledons of 11-day-old plants 
(treatment 2) and on the second emerging leaf of 21-day-old 
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plants (treatment 5) produced similar fruit numbers and 
weights. The fruit numbers were 87% and 89%, respectively, 
of the control and the fruit weights were 80?$ and 83$, 
respectively, of the uninoculated controls (Table 21). 
WMV 2 inoculated on the cotyledons of 11-day-old 
plants (treatment 3) and on the second emerging leaf of 
21-day-old plants (treatment 6) also produced similar fruit 
numbers and weights. Thus, fruit numbers were 81% and 8376, 
respectively, of the uninoculated controls and fruit weights 
were 73% and 70%, respectively, of the uninoculated ' controls. 
A mixture of CMV and WMV 2 inoculated on cotyledons of 
11-day-old plants (treatment 4) resulted in reduction of 
fruit numbers by 32% and in fruit weight by 40% compared to 
the control. When a mixture of CMV and WMV 2 was inoculated 
on the second emerging leaf of 21-day-old plants (treatment 
7), fruit numbers were reduced by 11% and fruit weight by 
20% from those of the uninoculated controls. 
The reduction in fruit numbers and weights of single 
infections of CMV and WMV 2 of ll-day~old plants (treatments 
2 and 3) add up to 32% reduction in fruit numbers and a 47% 
reduction in fruit weight compared to the uninoculated 
plants. It appears, then, that the fruit reductions caused 
by single infections are quite similar to the reductions 
caused by the mixed CMV and WMV 2 infections of 11-day-old 
plants. 
Plants inoculated on the cotyledons with CMV and then 
reinoculated on the second emerging leaf with WMV 2 (treat¬ 
ment 8) showed a 33$ reduction in fruit number and 37$ 
reduction in fruit weight compared to those of uninoculated 
plants. Plants inoculated on the cotyledons v/ith WMV 2 and 
then reinoculated v/ith CMV on the second emerging leaf 
(treatment 9) showed a 31$ reduction in fruit numbers and 
35$ reduction in fruit weight compared to uninoculated 
plants. Thus, the fruit reductions as a result of the last 
2 treatments are similar to each other and similar to those 
produced by plants inoculated v/ith a mixture of CMV and 
WMV 2 on the cotyledons of 11-day-old plants. 
2. Effect on ’Blue Hubbard* Squash 
a. Symptoms of CMV and WMV 2 in Single and Mixed 
Infections 
Cotyledons of 11-day-old plants inoculated with CMV 
produced diffuse chlorotic spots. Newly developing leaves 
produced some chlorotic spots and also a severe mottle. 
The plants became severely stunted and their vines grew no 
longer than about a foot in length. All plants inoculated 
v/ith CMV at this age shov/ed such severe symptoms and produced 
no fruit at all. 
When a mixture of CMV and WMV 2 was inoculated on coty¬ 
ledons of 11-day-old plants, symptoms were the same as the 
above described when CMV v/as inoculated alone. 
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Table 21. Fruit number and weight from single and mixed 
inoculations of cucumber plants with CMV and 
WMV 2 
Inoculum treatment 
and plant part 
inoculated 
Fruit Number Fruit Weight 
No. 
of 
fruit 
% 
of 
control 
Fruit 
weight 
(kg) 
of 
control 
1. Uninoculated control 279a 100 34.15 100 
2. CMV on cotyledons of 
11-day-old plants 242 87 27.76 80 
3. WMV 2 on cotyledons 
of 11-day-old plants 226 81 25.06 73 
4. A mixture of CMV + 
WMV 2 on cotyledons 
of 11-day-old plants 190 68 20.48 60 
5. CMV on the second 
emerging leaf of 
21-day-old plants 248 89 28.44 83 
6. WMV 2 on the second 
emerging leaf of 
21-day-old plants 232 83 23.81 70 
7. A mixture of CMV + 
WMV 2 on the second 
emerging leaf of 
21-day-old plants 249 89 27.30 80 
8. CMV on cotyl of 
11-day-old plants and 
10 days later with 
WMV 2 on second leaf 188 67 21.45 63 
9. WMV 2 on cotyl of 
11-day-old plants and 
10 days later with 
CMV on second leaf 192 _69 22.05 65 
SL 
The average of 4 replications each consisting of 10 plants 
and harvested 10 times 
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When a mixture of CMV and WMV 2 was inoculated on 
cotyledons of 11-day-old plants, symptoms were the same as 
the above described when CMV was inoculated alone. 
CMV inoculated on the second emerging leaf of 21-day- 
old plants resulted in appearance of chlorotic spots and 
later development of necrotic areas on the leaf. The new 
growth of most plants showed mild to severe mottling and 
stunting but some plants appeared symptomless. Similar 
symptoms developed when a mixture of CMV and WMV 2 was 
inoculated on the second emerging leaf of 21-day-old plants. 
These plants also showed symptoms characteristically caused 
by WMV 2, i.e. some moderate interveinal chlorosis and 
stunting. 
WMV 2 inoculated on the cotyledons of 11-day-old plants 
or on the second emerging leaf of 21-day-old plants induced 
only a moderate interveinal chlorosis and moderate stunting 
of plants. 
b. Effect of Single and Double Infections with 
CMV and WMV 2 on Fruit Number and Weight 
The fruit was harvested on August 28, 1974, when the 
plants were approximately 3 months old. As can be seen in 
Table 22, when the cotyledons of 11-day-old plants were 
inoculated with CMV (treatment 2), or with a mixture of CMV 
and V/MV 2 (treatment 4), and when the cotyledons of 11-day- 
old plants were inoculated with CMV and 10 days later the 
second leaf was inoculated with WMV 2 (treatment 8), in all 
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cases the plants were severely stunted and produced no 
fruit whatsoever. 
WMV 2 inoculated on the cotyledons of 11-day-old plants 
(treatment 3) resulted in 62$ the fruit number and 26$ the 
fruit weight as compared to those of the uninoculated 
control. 
CMY inoculated on the second emerging leaf of 21-day- 
old plants (treatment 5) resulted in 62$ the fruit number 
and 73$ the fruit weight of those of the uninoculated 
controls. Thus, a 10 day difference between the inoculation 
of CMV on the cotyledons (treatment 2) and on the second 
emerging leaf (treatment 5). resulted in a substantial 
increase in plant growth and in fruit number and weight in 
the later inoculation. 
WMV 2 inoculated on the second emerging leaf of 21-day- 
old plants (treatment 6) resulted in 69?° the fruit number 
and 45$ the fruit weight of those of the uninoculated 
controls. Treatments 3. 5, and 6, in which 11-day-old 
plants were inoculated with WMV 2 or 21-day-old plants were 
inoculated with CMV or WMV 2, produced similar fruit numbers 
although the fruit weights were different. V/hen WMV 2 was 
inoculated on the second leaf of 21-day-old plants, the 
v/eight of fruit produced was almost twice that of the 
11-day-old plants inoculated with WMV 2 on the cotyledons. 
The sum of reductions in fruit numbers and weights 
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caused by single infections with CMV (treatment 5) or with 
WMV 2 (treatment 6) on 21-day-old plants equal or surpass 
the reduction in fruit number and weight caused by the mixed 
infection of 21-day-old plants with CMV and WMV 2 (treat¬ 
ment 7)« 
When WMV 2 was inoculated on the cotyledons of 11-day- 
old plants and the plants were then inoculated on the second 
leaf with CMV 10 days later (treatment 9), the fruit numbers 
and weight produced were 3*8$ and 2,6%, respectively, of 
those of the uninoculated plants. This treatment produced 
the smallest yield of all except for those that produced no 
fruit at all. The reduction in fruit numbers and weights by 
inoculation of squash plants at the cotyledon stage with 
WMV 2 and then at the second leaf stage with CMV (treatment 
9) was considerably greater than the sum of the reductions 
in fruit numbers and weights caused by single inoculation of 
squash plants at the cotyledon stage with WMV 2 (treatment 3) 
and by single infection at the second leaf stage with CMV 
(treatment 5)* 
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Table 22. Fruit number and weight from single and mixed 
inoculations of squash plants with CMV and 
WMV 2 
Inoculum treatment 
and plant part 
inoculated 
Fruit Number Fruit Weight 
No. 
of 
fruit 
% 
of 
control 
Fruit 
weight 
(kuT 
% 
Of 
control 
1. Uninoculated control 13a 100 94.85 100 
2. CMV on cotyledons of 
11-day-old plants ob 0 0 0 
3. WMV 2 on cotyledons 
of 11-day-old plants 8 62 24. 66 26 
4. CMV + WMV 2 on 
cotyledons of 
11-day-old plants ob 0 0 0 
5. CMV on second emerg¬ 
ing leaf of 
21-day-old plants 8 62 69.58 73 
6. WMV 2 on second 
emerging leaf of 
21-day-old plants 9 69 42.96 45 
7. CMV + WMV 2 on second 
emerging leaf of 
21-day-old plants 2 15 12.56 13 
8. CMV on cotyl of 
11-day-old plants and 
10 days later with 
WMV 2 on second leaf ob 0 0 0 
9. WMV 2 on cotyl of 
11-day-old plants and 
10 days later with 
CMV on second leaf 0.5 3.8 2.42 2.6 
aEach number represents the average of 4 replications, each 
treatment or replication consisting of 10 plants 
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DISCUSSION 
Through the use of symptom characteristics on a series 
of diagnostic hosts and of the physical properties of some 
of the viruses, it was found that the virus-like symptoms on 
cucurbits in Massachusetts are induced by one or more of the 
following viruses: WMV 2, CMV, SqMV, WMV 1, and BYMV-s. 
Similar groups of viruses have also been found to affect 
cucurbits in other parts of North America (Webb, 1971; 
Provvidenti and Schroeder, 1970; Nelson and Tuttle, 1969; 
Provvidenti and Uyemoto, 1973; Grogan et al., 1959;‘Lastra, 
1968). Although tobacco ring spot virus (TRSV), tobacco 
mosaic virus (TMV), curly top virus (CTV), and tomato ring- 
spot virus (TomRSV) have been found to affect cucurbits in 
other parts of North America (Provvidenti and Schroeder, 
1970; Webb and Foster, 1966; Salama and Sill, 1968; Milne 
et al., 1969), none were found occurring in Massachusetts. 
It is quite possible, however, that these viruses may be 
present in cucurbits in Massachusetts, but because of masked 
symptoms or low incidence in these crops they were not 
detected in this study. 
WMV 2 produces characteristic symptoms of interveinal 
chlorosis on Cucurbita maxima, C. pepo 'Acorn* squash, 
pumpkin, yellow summer squash, zucchini squash, and 
C. moshata 'Butternut' squash. The symptoms produced on 
cucurbit crops by the Massachusetts isolates of WMV 2 are 
similar to the symptoms reported by most workers (Provvi- 
denti and Schroeder, 1970; Webb, 1971; Anderson, 1954; Milne 
jet al. , 1969). The isolates of WMV 2 found in Massachusetts 
caused warting and distortion of 'Blue Hubbard' squash but 
very few isolates were found on C. moshata 'Butternut' 
squash in which no fruit symptoms were observed. Provvi- 
denti and Schroeder (1970) reported distortion, warting, and 
dv/arfing of 'Blue Hubbard’ and 'Butternut' squash by WMV 1 
and WMV 2. 
The isolates of CMV found in Massachusetts cause 
chlorosis or green and yellow mottle on.leaves, smaller 
fruit, discoloration of fruit in the form of off-color 
lines and ring patterns in C. pepo, C. maxima, C. moshata, 
and C. melo. Occasionally, vines of C. pepo 'Acorn' squash 
and C. maxima vines are killed from CMV infections. In 
Cucumis sativus CMV produces a moderate mottle on leaves 
and usually no fruit symptoms. The symptoms produced by CMV 
on these cucurbits in Massachusetts seem similar to those 
reported by most workers (Smith, 1972; Nelson and Tuttle, 
1969). 
SqMV produced a green and yellow mottling and moderate 
stunting on Cucurbita popo pumpkin and yellow summer squash 
and on Cucumis melo. An isolate of SqMV carried in the 
commercial seed of C. melo produced, in addition to the 
above, green vein banding and elongated veins on the first 
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emerging leaf. These symptoms are very similar to those 
produced by other SqMV isolates (Nelson and Knuhtsen, 1973b; 
Freitag, 1956). BYMV-s isolates produced similar symptoms 
as those reported by Provvidenti and Uyemoto (1973). 
The original virus isolated from 'Butternut* squash and 
thought to be CMV was mechanically transmitted and was shown 
to have dilution end point, longevity in vitro, thermal 
inactivation point, host range, purification requirements 
and shape and size, as revealed by electron microscopy, 
similar to those of the type strain of CMV (Smith, 1972). 
The appearance and type of symptoms produced by this isolate 
on Cucurbita pepo *Small Sugar', Nicotiana tabacum 'Samsun', 
and Vigna. sinensis were similar to those produced by other 
CMV isolates (Sill and Walker, 1952; Bhargava, 1951. Smith, 
1972), The host range of the Massachusetts isolate is 
similar to the type strain, infecting species in the families 
Chenopodiaceae, Compositae, Cucurbitaceae, Gramineae, 
Leguminosae, Solanaceae, Scrophulariaceae, and Umbelliferae 
(Table 1). This isolate did not infect any of the species 
tested in the family Cruciferae and caused symptomless 
infection in Beta vulgaris 'Early Wonder' and Spinacia 
oleracea 'Early Hybrid 30' of the family Chenopodiaceae, 
Lactuca sativa 'Great Lakes', Burpee's 'Iceberg', and 'Dark 
Green Boston' of the family Compositae, and Coriandrum 
sativum, and Daucus carota 'Danvers 126' of the family 
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Umbelliferae. 
The Massachusetts isolate of CMV also tended to aggre¬ 
gate and produce low yields during purification. The method 
used for purification was satisfactory for obtaining small 
quantities of purified virus for electron microscopy but 
was unsatisfactory for obtaining substantial quantities of 
virus free of plant material needed for serological work. 
This isolate produced a 260/280 ratio similar to that of the 
Y strain of CMV (Scott, 1963) and 2 peaks upon density 
gradient centrifugation. Purified CMV viewed under the 
electron microscope revealed a polyhedral particle about 
28 run in diameter, which is similar to the appearance and 
dimensions of the Y strain of CMV (Murant, 1965). 
CMV, WMV 2, WMV 1, and SqMV were readily transmitted 
from infected cucurbit leaf and fruit tissue. In most cases, 
IOO7S infection was obtained on the inoculated host plants 
when 1% K^HPO^, containing 1% magnesium trisilicate and 2,5% 
celite, was used as buffer, BYMV-s was transmitted only in 
2076 to 8 07$ of inoculated plants when the same buffer was 
used, but transmission of 8076 to 1007° was obtained when 
0,01 M phosphate buffer pH 7 and carborundum were used. 
The use of the diagnostic hosts listed in Table 2 was 
most effective in identifying the virus causing virus-like 
symptoms on leaf and fruit samples. In single infections, 
the characteristic symptom and time of its appearance in 
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each of the susceptible hosts made the diagnosis of the 
virus causing the symptoms easy and definite. 
CMV was readily recognized by the production of local 
lesions on Vigna sinensis 'Early Hamshom' and systemic 
infection of Phaseolus lunatus 'Henderson Bush' and Nicoti¬ 
an a tabacum 'Samsun'. The latter was also useful in main¬ 
taining CMV free of contamination from the other cucurbit 
viruses and it was for this reason that tobacco was added 
to the diagnostic hosts of Provvidenti and Schroeder (1970). 
CMV isolates produced tv/o types of local lesions on the 
primary leaves of Phaseolus vulgaris 'Black Turtle'. Some 
isolates produced pinpoint black local lesions, others 
produced larger diffuse brown lesions. Each type of lesion 
v/as produced consistently all year round, which is in 
contrast to the reaction of other bean varieties to the 
% 
Massachusetts isolates of CMV and to those tested by Bhar- 
gava (1951) in v/hich black pinpoint lesions were produced 
during the v/inter months and usually none in the summer. 
No mention of such local lesions is made in the table of 
diagnostic hosts used by Provvidenti and Schroeder (1970). 
WMV 2 was readily recognized by the systemic mottle it 
caused on Phaseolus vulgaris 'Black Turtle'. This variety 
proved to be a useful diagnostic as well as maintenance 
host for WMV 2, since it is not infected systemically by 
other cucurbit viruses. The local lesions produced on 
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Chenopodium amaranticolor by WMV 2 are useful in distin¬ 
guishing WMV 2 from WMV 1, but they do not always appear and 
can be confused with those produced by CMV. The one WMV 1 
isolate found in Massachusetts was readily identified by 
the severe and characteristic symptoms it caused on pumpkin, 
cucumber, and watermelon, which are quite distinct, and 
cannot be confused with the symptoms produced by WMV 2. 
SqMV was identified by the symptoms it caused on pumpkin 
and cucumber and by the fact that in most cases it does not 
produce symptoms on watermelon. BYMV-s was identified by 
the terminal necrosis it caused on bean plants and by the 
systemic chlorotic spots in pumpkin plants. 
In mixed infections of cucurbit viruses several prob¬ 
lems arose in the proper identification of the component 
viruses. It could not be determined outright if SqMV was 
present as a component in mixed infections with CMV, WMV 1 
or WMV 2. Only when its presence v/as suspected, could SqMV 
be separated by the use of serial dilutions. Prowidenti 
and Robinson (1974) found tv/o accessions of Cucumis 
metuliferus, ’PI 202681* and*PI 292190*, which produce a 
hypersensitive reaction to SqMV in the form of chlorotic 
local lesions and these accessions may prove useful for 
SqMV identification. WMV 2 could be readily distinguished 
from WMV 1 by the host range and the kinds of symptoms 
produced on bean, pea, and Chenopodium amaranticolor. When 
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WMV 1 and WMV 2 are in a mixture, their separation with this 
host range is not possible. The isolate of WMV 1 found in 
Massachusetts infects Luffa acutangula and could be separ¬ 
ated from V/MV 2 by inoculation to Luffa acutangula. Milne 
et al., (1969), however, reported that some isolates of 
WMV 2 could also infect L. acutangula. Cucumis melo 'B63-3* 
produced local lesions when inoculated with the Massachu¬ 
setts isolate of WMV 1, although Milne et al., (1969) 
report that not all isolates of WMV 1 produce local lesions 
on this host and that some may infect it systemically. 
V/MV 2 can be separated from V/MV 1 by the use of 'Black 
Turtle1 bean, while CMV, SqMV, and WMV 1 can be separated 
from Y/MV 2 by use of Luffa acutangula. WMV 1 can be separ¬ 
ated from CMV only by the recovery of V/MV 1 from the growing 
tips of watermelon. Since CMV occasionally kills v/atermelon 
plants, the use of this method is questionable. Also, CMV 
occasionally kills both pea cultivars 'Nugget' and 'Mars', 
which makes it impossible for V/MV 2 to be observed in 
'Nugget' pea. BYMV-s can be identified from the other 
viruses by the terminal necrosis it causes on 'Black Turtle' 
bean plants and can be separated from WMV 2 by inoculation 
to Phaseolus vulgaris 'Red Kidney'. 
The hosts Pisum sativum 'Nugget' and 'Mars' and 
Phaseolus lunatus 'Henderson Bush* could probably be dropped 
from the diagnostic host range of these viruses without 
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impairing the effectiveness of the remaining set of diag¬ 
nostic hosts. 
By studying individual fields of cucurbits, several of 
them through regular and frequent visits, and some by a 
single visit, it was found that the kinds of viruses 
present, the date and sequence of their appearance, and 
their incidence and rate of spread varied with the species 
and variety of cucurbit and with the locality. 
WMV 2 was the virus found most frequently in virus- 
infected cucurbits. WMV 2 was found alone in 53% of the 
samples, and together with CMV in 8%> of the samples. CMV 
was found alone in 17% of the samples and with WMV 2 in 8% 
of the samples. SqMV was found in 6% of the samples and 
. . t 
WMV 1 in 0.5% of the samples. This agrees in part with the 
findings of other workers (Nelson and Tuttle, 1969; Grogan 
et al. , 1969; Anderson, 1952). V/ebb (1971) reported an 
incidence of 86% of WMV 1 in squash in New Jersey, and 
Provvidenti and Schroeder (1970) reported that WMV 1 was the 
most prevalent and destructive virus during an epiphytotic 
of WMV among cucurbits in New York in 1969. In warmer 
climates, WMV 1 persists by infecting a succession of wild 
and cultivated cucurbits throughout the year. The severe 
winters of the north preclude this mode of survival and it 
must depend upon some unknown perennial host outside of 
Cucurbitaceae or it must be seedborne in some cultivated or 
21 0 
wild species of cucurbits. Lindberg et al., (1956) found 
no evidence of seed transmission of WMV 1. At present, it 
is not at all clear why WMV 1 was widespread in New York and 
in New Jersey for one year but was found in only one sample 
in Massachusetts another year. Further work on seed trans¬ 
mission and overwintering hosts of WMV 1 is needed. If 
WMV 1 is introduced into northern climates through seed, the 
use of clean seed could help avoid serious damage by WMV 1 
through a certified seed program. 
Of 88 samples of virus-infected yellow summer squash, 
38$ were infected with BYMV-s. Although BYMV-s reached 
levels of incidence of 24$, there seemed to be little effect 
on the productivity of the plant, a conclusion that is in 
agreement with that of Prowidenti and Uyemoto (1973)* 
WMV 2 appears to rapidly increase in incidence over a 
short period of time. As was seen in Table 3» WMV 2 rose 
from trace amounts to 73$ infection on pumpkin in 12 days. 
The rapid increase in incidence of WMV 2 was consistently 
seen in fields where it was present. In only one field did 
CMV seem to be more prevalent than WMV 2, and in most cases 
where it was found it increased only gradually, never being 
present in more than trace amounts. This increase in 
incidence is similar to that reported by Anderson (1952), 
who found that WMV seemed to spread more rapidly than CMV 
in squash plantings and that the older squash plants were 
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more resistant to CMV than to WMV, More work needs to be 
done to understand why there is such a rapid increase in 
WMV 2 in the same field while only trace amounts of CMV are 
found. 
WMV 2 appeared to be the dominant virus in the infec¬ 
tion of Cucurbita pepo yellow summer squash, zucchini squash, 
pumpkin, and C. maxima. These results are similar to those 
reported by others (Webb, 1971; Prowidenti and Schroeder, 
1970). WMV 2 seemed to be present only occasionally and to 
have very little effect on C. pepo ’Acorn' squash and 
2* nioshata 'Butternut' squash in Massachusetts even when a 
high incidence of WMV 2 v/as found in nearby fields. This is 
in contrast to what Prowidenti and Schroeder (1970) found 
in New York in 1969. CMV was also found in only trace 
amounts even though an overwintering host was present right 
in the field. In Massachusetts, WMV 2 was more widespread 
and prevalent than CMV, but CMV was present in certain areas 
and, in at least one field, it produced damaging effects. 
Nelson and Tuttle (1969) found that WMV 2 was regularly 
distributed in all cantaloupe fields, but CMV was found 
consistently in only two areas and in these it was more 
damaging than WMV 2. In the present study, in one field of 
'Blue Hubbard' squash CMV and WMV 2 were found, and this was 
the only 'Blue Hubbard* field in which chlorotic leaves and 
vines and dying and dead vines were found. CMV was the virus 
isolated from these vines. 
Equal amounts of CMV and WMV 2 were found in cucumber 
fields which, however, seemed to be little affected by virus 
infection. The cucumber variety ’Wisconsin SMR 58’ grown in 
Massachusetts appeared to be tolerant to both WMV 2 and CMV 
and showed no noticeable effects in the field. 
Cantaloupe appeared to be seriously infected by both 
WMV 2 and CMV. Some isolates of SqMV were also found. In 
all parts of the state surveyed, cantaloupes were always 
severely infected. Similar susceptibility of cantaloupes to 
viruses was also found by many other workers (Nelson and 
Tuttle, 1969; Milne et al.. 1969j Webb, 1961). 
Only one field of ’Blue Hubbard' squash showed marked 
reductions in yield, estimated by the grower to be about 60% 
less than normal. Yellow summer squash was also severely 
affected by WMV 2 infection, the economic effect being 
complete loss of several second plantings. This is similar 
to losses reported to be caused by WMV on yellow summer squash 
and 'Blue Hubbard* squash in New York (Provvidenti and 
Schroeder, 1970). 
The time of appearance of CMV and WMV in the field is 
important because if they appear early they have more time to 
spread to more plants, and because young plants appear to be 
affected more severely by the viruses and to produce lower 
yields than plants infected when they are older. With the 
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viruses not appearing until early August and their incidence 
reaching a high level by late August, most squash plants 
appear to be well developed by the time they become infected 
and many of them have almost completed fruit production by 
this time. If CMV and 7/MV 2 appeared earlier, when the 
plants were just beginning to form fruit, a much greater loss 
of yield would be possible. It appears then that to prevent 
losses from CMV and WMV 2 in cucurbits, cucurbit crops should 
be planted as early as possible so that the plants are v/ell 
developed and have mature or nearly mature fruit at the time 
the virus appears. For example, one grower avoided infection 
of yellow summer squash by CMV and WMV 2 by planting early 
under hotcaps, while other growers completely lost later 
plantings of yellow summer squash because of CMV and 7/MV 2 
infection. The one ’Blue Hubbard* field seriously infected 
with CMV and WMV 2 was planted in the first week of June. 
Because of weather conditions, the plants remained email and 
weak until later, when virus spread was rapid, infection was 
widespread, and the result was extensive damage to the crop. 
Other ’Blue Hubbard* squash fields planted in May had appar¬ 
ently produced large plants and mature fruit by the time CMV 
and WMV 2 became widespread and no noticeable losses were 
caused. 
SqMV appeared a month before 7/MV 2 and CMV but possibly 
because of the lack or habits of vectors at the time, the 
2lU 
virus did net spread more than in small areas. SqMV does not 
appear to he of economic importance in Massachusetts but has 
caused damage to crops in other locations (Salama and Sill, 
1968? Lastra, 1968), SqMV is, of course, seedbome in squash 
and was also isolated from a 10-day-old melon plant grown in 
the greenhouse. 
The prevalence of CMV and WMV 2 in various localities 
and counties varied, possibly due to local environmental 
factors affecting the aphid population and movement or to the 
lack of proper overwintering hosts for the viruses. Nelson 
and Tuttle (1969) also found a variation in prevalence of CMV 
and WMV 2 for different localities and in different years. 
CMV was found in perennial hosts growing in or near 
cucurbit fields. These hosts are similar to those reported 
by Faan and Johnson (1951). Although these CMV-infected 
hosts were found in or near cucurbit fields, only trace 
amounts of CMV were found in the cucurbit plants themselves. 
The reasons for this slow spread of CMV are not known at 
present. 
Although Trifolium spp. (clover) (Monlar and Schmelzer, 
1964) and Medicago sativa (alfalfa) (Grogan ejt al., 1959) 
are known to be hosts of WMV 2, this virus was not found in 
samples of these hosts growing next to cucurbit fields 
infected with WMV 2. It may be that the virus is found in 
only a small percentage of overwintering hosts (Milne et al., 
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1969) and perhaps not enough samples were tested, or it is 
possible that the wrong hosts were investigated. It appears 
hard to believe that WMV 2, the most prevalent virus, was 
not found in any of the samples of overwintering hosts 
tested, while CMV was found in several of them. 
There appears to be a need for resistance of yellow 
summer squash and cantaloupe to all of the cucurbit viruses. 
Resistant cucumber varieties provide a fine example of virus 
control by the use of varieties resistant to CMV and probably 
the other cucurbit viruses also. 
Of the cucurbit species and varieties inoculated with 
CMV, the most susceptible to CMV were yellow summer squash, 
'Acorn' squash, and pumpkin, all Cucurbita pepo. and canta¬ 
loupe, Cucumis melo (Tables 8, 16, and 17» and Figures 15, 
19, 20, and 21). C. pepo zucchini squash was also affected 
by CMV which caused reduced yields, but from a commercial 
standpoint zucchini squash produced could still be sold, 
while the fruit of infected yellow summer squash was discol¬ 
ored and disfigured to the point where it was unmarketable. 
The variety 'Golden Zucchini', the plants of which have the 
appearance of zucchini squash but its fruit has the color of 
yellow summer squash (Table 9, and Figure 16), was hoped to 
perform as a yellow fruit summer squash possessing the weak 
tolerance to viral infection that zucchini squash seems to 
have. It appears, hov/ever, that 'Golden Zucchini', when 
inoculated with CMV, produces low yields and quality, of fruit 
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similar to those of yellow summer squash. Thus, no resis¬ 
tance seems to be available in C. pepo yellow summer squash 
and zucchini squash to cucurbit virus infection. A program 
to locate and incorporate resistance in these squash 
varieties to cucurbit viruses would be beneficial. 
Although yellow summer squash and zucchini squash are 
severely infected by CMV following mechanical inoculation, 
most of the damages in the field are caused by Y/MV 2, which 
is the predominant virus in the field and produces symptoms 
similar to those of CMV« Because of the slight tolerance of 
zucchini to virus infection and the relative lack of 
symptoms on its fruit, it would be advantageous for a grower 
to select and plant zucchini varieties rather than yellow 
summer squash varieties. Pumpkin and 'Acorn* squash are 
severely affected by CMV infection and produce much reduced 
yields (Table 16, and Figures 20 and 21). In the field 
survey it was found that pumpkin was infected more 
frequently by V/MV 2 than by CMV, but 'Acorn' squash was only 
slightly affected by either CMV or WMV 2 (Table 4). This 
again suggests that although an artificial inoculation with 
CMV may result in severe symptoms, if CMV is not readily 
and early transmitted in the field by natural vectors it is 
of little importance no matter how severe its symptoms on 
plants artificially inoculated while young. 
Cantaloupes are quite generally and severely infected 
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with CMV which causes large reductions in yields. They are 
also severely affected naturally by WMV 1, WMV 2, and SqMV 
(Nelson and Tuttle, 1969; Webb, 1961). A great deal of 
work is being done in searching for tolerant varieties of 
cantaloupes to cucurbit virus but so far there has been 
rather little progress made in this regard. 
CMV appears to have only a slight effect on the widely 
used CMV resistant varieties of cucumber and appears to be 
of little importance on commercial crops at present. In the 
field even WMV 2 does not appear to cause serious reductions 
in cucumber yields. However, further research needs to be 
done to determine the effect of WMV 2, and especially 
WMV 1, which causes more severe symptoms on cucumber, on the 
production of cucumbers in areas or in years of high 
incidence of WMV 1 and/or WMV 2. 
Cucurbita moshata 'Butternut* squash and C. maxima 
squash appear to be generally tolerant to artificial infec¬ 
tion by CMV showing only mild foliar symptoms and slight 
yield reductions. In all the varieties of C. moshata and 
C. maxima, chlorotic and later necrotic areas appeared on 
CMV inoculated leaves with very few plants showing systemic 
symptoms. One exception was the variety C. maxima 'Cold 
Nugget', which developed severe foliar and fruit symptoms, 
probably as a result of incorporation in 'Gold Nugget' of 
genes of C. pepo (Provvidenti and Uyemoto, 1973)* It is 
218 
possible that varieties of C. maxima, such as 'Blue Hubbard', 
have resistant mechanisms to at least some CMV strains, 
including the Massachusetts isolate, which become operative 
soon after the plant produces true leaves. 'Blue Hubbard' 
squash are easily infected with CMV when inoculated on coty¬ 
ledons of 8-day-old plants in the greenhouse or 11-day-old 
plants in the field. When inoculated with CMV just 2 days 
later, when the plants are 10 days old, only half of the 
plants become infected and inoculation with CMV when the 
plants are 12 days old or older, seems to cause no systemic 
infections at all. Older plants inoculated with CMV produce 
only chlorotic and necrotic areas on the leaves of inoculated 
plants. The symptoms do not become systemic and the virus 
cannot be recovered from uninoculated leaves. In the field 
experiments, plants inoculated with CMV on the second leaf 
produced 73%> more fruit weight than plants inoculated with 
CMV on the cotyledons 10 days earlier (Table 22). 
WMV 2 was readily transmitted in the field from a source 
outside the field to varieties of Cucurbita pepo and C. 
maxima in the plots of uninoculated plants and in the CMV 
inoculated plants. Although the CMV source was closer to the 
plants, WMV 2 was more readily transmitted to the nearby 
uninoculated varieties of cucurbits. This again suggests 
that WMV 2 is more readily transmitted to some varieties of 
cucurbits than is CMV, possibly because of the presence of a 
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V/MV 2 vector is more efficient and/or perhaps more populous 
than the vectors of CMV. 
The greenhouse experiments, in which CMV and WMV 2 were 
inoculated on cucumber and squash singly or in combinations, 
produced no results suggesting a synergistic effect between 
the two viruses. The fresh and dry weights of roots seemed 
to be more varied and less consistent than the weights of 
tops of plants suggesting that perhaps the use of the weights 
of tops of plants may be a more reliable criterion in study¬ 
ing the effect of viruses on plants than the weights of 
their roots. 
No synergistic effect between CMV and V/MV 2 was apparent 
in the field experiment either, in which the effect of CMV 
and WMV 2 on cucumber 'Wisconsin SMR 58' in single or mixed 
infections were studied. The field trials showed that when 
this CMV tolerant cucumber variety was inoculated with CMV 
while young, reductions in yields occur. However, it is 
very unlikely that these plants would all become naturally 
infected with CMV or V/MV 2 when they were 11 or 21 days old 
so the results of this experiment did not exactly reflect 
the conditions prevalent and the results obtained in a real 
field situation. The effect of fruit number and weight of 
plants inoculated with a mixture of CMV and V/MV 2 on the 
second emerging leaf of 21-day-old plants (treatment 7), 
appears to be different than the effect of the same treatment 
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at 11 days (treatment 4) and of the other mixed infections 
(treatments 8 and 9). No explanation for this discrepancy 
can be offered at the moment and the possibility of experi¬ 
mental error cannot be ruled out. 
In the same field experiment, in which 'Blue Hubbard' 
squash was inoculated with CMV and WMV 2, singly or in 
combinations, the 2 viruses had a severe effect on plant 
growth and yields when inoculated on young plants, but the 
effect appears to lessen as the plants become older. No real 
synergistic effect of the 2 viruses on the 'Blue Hubbard' was 
apparent. The field experiment pointed out some possible 
effects of these 2 viruses on 'Blue Hubbard' squash if the 
conditions are right. Thus, the infection with CMV 10 days 
after inoculation with WMV 2 on 11-day-old plants (treatment 
9) reduced the fruit number and weight of 'Blue Hubbard' 
squash considerably. This treatment suggests something of a 
synergistic effect of the 2 viruses on squash but it is not 
clear evidence for this. 
SUMMARY 
Cucurbit crops in Massachusetts are frequently infected 
with viruses that produce generally similar symptoms. In 
samples of cucurbit crops showing virus symptoms and 
collected from throughout the state, the following viruses 
were identified in order of frequency* V/atermelon Mosaic 
Virus 2 (WMV 2), Cucumber Mosaic Virus (CMV), Bean Yellow 
Mosaic Virus-severe strain (BYMV-s), Squash Mosaic Virus 
(SqMV), and Watermelon Mosaic Virus 1 (WMV 1). CMV, SqMV, 
and WMV 1 generally cause dwarfing of the plant, mottling 
or interveinal chlorosis of leaves and discoloration and 
reduced size of the fruit. BYMV-s produces chlorotic 
areas on leaves of Cucurbita. pepo yellow summer squash and 
no fruit symptoms. 
All the above viruses were mechanically transmitted 
to several herbaceous hosts in the greenhouse and a set of 
differential hosts was used to identify each virus. 
One isolate of CMV obtained from squash was studied in 
considerable detail. This CMV isolate had a dilution end 
-2-4 
point between 10 J and 10 , longevity in vitro between 2 
and 4 days, thermal inactivation point between 65° C and 70° 
C. This virus infected species of plants in the families 
Chenopodiaceae, Compositae, Cucurbitaceae, Gramineae, 
Leguminosae, Solanaceae, Scrophulariaceae, and Umbelliferae. 
When a purified sample of CMV was viewed under the electron 
222 
microscope the virus appeared as a pilyhedral particle of 
about 28 nm in diameter. 
The virus most frequently found in samples of cucurbit 
crops showing symptoms was WMV 2 (53%), followed by CMV 
(17%), BYMV-s (1W, a mixture of CMV and WMV 2 (9%), SqMV 
(6%), and WMV 1 (0.5%). WMV 2 was found with a high fre¬ 
quency in Cucurbita pepo. C. maxima, and Cucumis melo. CMV 
was usually found in trace amounts in all cucurbits, except 
£• me^-° in which it was found in high incidence. SqMV was 
found in trace amounts in Cucurbita pepo and Cucumis melo, 
BYMV-s was found only on Cucurbita pepo yellow summer squash. 
WMV 1 was only found once on C. moschata. C. pepo 'Acorn1 
squash, C. moschata 'Butternut' squash, and Cucumis satlvus 
cucumber generally show a low incidence of virus infection in 
the field. WMV 2, CMV, BYMV-s, and SqMV were found through¬ 
out the State of Massachusetts while WMV 1 was only found in 
one county (Hampshire). The kinds of viruses present, their 
incidence and their importance varied somewhat in the various 
parts of the state. 
WMV 2 and CMV caused up to 100% reduction in yield of 
yellow summer squash and high reductions in yield of zucchini 
squash and cantaloupe. WMV 2 and CMV causo moderate reduc¬ 
tions in yields of 'Blue Hubbard' squash with a reduction in 
yield as high as 60%. Cucurbit viruses did not cause substan¬ 
tial economic losses in yields of 'Acorn' squash, 'Butternut' 
squash and cucumber crops this year. Although the cucurbit 
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viruses did not cause severe economic losses in most cucur¬ 
bit fields this year of the survey in Massachusetts, it is 
possible, if conditions are favorable, severe losses will 
occur in future years. 
SqMV v/as the first virus to be found in cucurbit fields 
in June. BYMV-s was detected next about the middle of July 
while Y/MV 2, CMV, and WMV 1 were detected on or about the 
first of August. 
CMV was found in the perennial weeds Phytolacca 
americana (pokeweed), and Asclepias syriaca (common milkweed) 
in or around cucurbit fields. WMV 2 was not found in the 
weed hosts investigated. 
CMV inoculated on varieties of Cucurbita pepo yellow 
summer squash, zucchini squash, 'Acorn* squash and pumpkin, 
susceptible cucumber (Cucumis sativus) varieties, and C. melo 
resulted in severe foliar symptoms and stunting of plant 
growth followed by a reduction in fruit numbers and weights. 
CMV produced severe fruit symptoms on yellow summer squash 
and milder symptoms on zucchini and cantaloupe. The inocu¬ 
lation of CMV on varieties of Cucurbita moschata *Buttemut* 
squash, C. maxima and resistant cucumber varieties showed 
slight or no foliar symptoms and with a few exceptions 
usually only mild to moderate reductions in fruit number and 
weight. 
When CMV and WMV 2 were inoculated singly or in combina- 
tion on Cucumis sativus 'Wisconsin SMR 58', and Cucurbita 
maxima 'Blue Hubbard' squash no evidence of synergism or 
interference of the 2 viruses in these hosts was apparent 
either in greenhouse or in field experiments. The fresh and 
dry weights of tops and roots of inoculated cucumber and 
squash grown in the greenhouse was less than that of the 
uninoculated controls. In the field experiments, the number 
and weight of cucumber fruits were lower in plants infected 
with CMV alone, with WMV 2 alone, and with CMV in combina¬ 
tion with WMV 2 than in the uninoculated controls. Squash 
produced no fruit when inoculated on the cotyledons with 
CMV. WMV 2 reduced the yield of squash fruit number and 
weight by 62% and 26%, respectively, for infection of 11-day- 
old plants. 
It is possible that a mechanism of resistance to the 
Massachusetts isolate of CMV operates in the 'Blue Hubbard' 
which begins to function when the true leaves appear on the 
plant. 
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